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SEMICONDUCTOR DEVICE [ Patent Document 2 ] Japanese Translation of PCT Inter 
national Application No. H11-505377 

BACKGROUND OF THE INVENTION 
SUMMARY OF THE INVENTION 

1. Field of the Invention 
An object of one embodiment of the present invention is One embodiment of the present invention relates to a to block a leakage current path between a wiring and a semiconductor device . Another embodiment of the present memory cell included in a semiconductor device to improve invention relates to an electronic device . retention characteristics of a memory . Note that one embodiment of the present invention is not 

limited to the above technical field . One embodiment of the Another object of one embodiment of the present inven 
tion is to provide a semiconductor device which can reduce invention disclosed in this specification and the like relates 

to an object , a method , or a manufacturing method . In leakage current between a wiring and a connection electrode 
addition , one embodiment of the present invention relates to connected to a floating node . Another object of one embodi 
a process , a machine , manufacture , or a composition of ment of the present invention is to provide a semiconductor 
matter . 15 device that can be miniaturized or highly integrated . Another 

In this specification and the like , a semiconductor device object of one embodiment of the present invention is to 
generally means a device that can function by utilizing provide a semiconductor device capable of retaining data for 
semiconductor characteristics . A semiconductor element a long time . Another object of one embodiment of the 
such as a transistor , a semiconductor circuit , an arithmetic present invention is to provide a semiconductor device 
device , and a memory device are each an embodiment of a 20 which can reduce leakage current between wirings . 
semiconductor device . It can be said that a display device Note that the descriptions of these objects do not disturb 
( e.g. , a liquid crystal display device and a light - emitting the existence of other objects . In one embodiment of the 
display device ) , a power generation device ( e.g. , a thin film present invention , there is no need to achieve all the objects . 
solar cell and an organic thin film solar cell ) , a projection Other objects will be apparent from and can be derived from 
device , a lighting device , an electro - optical device , a power 25 the description of the specification , the drawings , the claims , 
storage device , an imaging device , an electronic device , and and the like . 
the like include a semiconductor device in some cases . One embodiment of the present invention is a semicon 

ductor device including a first insulator , a first conductor 
2. Description of the Related Art over the first insulator , a second conductor over the first 

30 insulator , and a second insulator over the first insulator , the 
In recent years , a technique for forming an integrated first conductor , and the second conductor . The first conduc 

circuit in which a layer provided with a transistor and a layer tor and the second conductor contain a metal A ( one kind or 
provided with a capacitor are stacked has attracted attention . a plurality of kinds of aluminum , copper , tungsten , chro 
The transistor and the capacitor are electrically connected to mium , silver , gold , platinum , tantalum , nickel , molybde 
each other through a wiring and a plug formed between the 35 num , magnesium , beryllium , indium , and ruthenium ) . The 
layers to drive the integrated circuit . metal A is detected in an interface between the first insulator 

For example , a wiring is formed in the same layer as a and the second insulator by an energy dispersive X - ray 
connection electrode connected to a floating node . To the spectroscopy ( EDX ) . The second insulator includes a groove 
wiring , a potential different from that of the connection for exposing the first insulator between the first conductor 
electrode is applied . When the connection electrode and the 40 and the second conductor . 
wiring are formed over an insulator using a conductor , the In the above structure , it is preferable that a first transistor 
residue of the conductor may remain over the insulator . Due and a capacitor be included and the first conductor be 
to the residue , there is a possibility that leakage current is electrically connected to one of a source and a drain of the 
generated between the connection electrode connected to the first transistor and one electrode of the capacitor . Further 
floating node and the wiring formed in the same layer . 45 more , in the above structure , a channel formation region of 
Furthermore , also in the case where a wiring and another the first transistor is preferably formed in a metal oxide . 
wiring to which a potential different from that of the wiring Another embodiment of the present invention is a semi 
is applied are formed in the same layer , there is a possibility conductor device including a first insulator , a first conductor 
that the potential applied to the another wiring interferes over the first insulator , a second conductor over the first 
with the potential applied to the wiring due to the residue in 50 insulator , a second insulator over the first insulator , the first 
a region between the wirings . conductor , and the second conductor , and a capacitor . The 

In recent years , transistors including oxide semiconduc- first conductor and the second conductor contain a metal A 
tors ( typically , In — GaZn oxide ) have been actively ( one kind or a plurality of kinds of aluminum , copper , 
developed and used in ICs and the like . Oxide semiconduc- tungsten , chromium , silver , gold , platinum , tantalum , nickel , 
tors have been researched since early times . In 1988 , there 55 molybdenum , magnesium , beryllium , indium , and ruthe 
was a disclosure of a crystal InGaZn oxide that can be nium ) . The first conductor serves as one electrode of the 
used for a semiconductor element ( see Patent Document 1 ) . capacitor . The metal A is detected in an interface between the 
In 1995 , a transistor including an oxide semiconductor was first insulator and the second insulator by an EDX method . 
invented , and its electrical characteristics were disclosed The second insulator includes a groove for exposing the first 
( see Patent Document 2 ) . 60 insulator between the first conductor and the second con 

ductor . 
REFERENCES In the above structure , it is preferable that a first transistor 

be included and the first conductor be electrically connected 
Patent Documents to one of a source and a drain of the first transistor . 

65 Furthermore , in the above structure , a channel formation 
[ Patent Document 1 ] Japanese Published Patent Applica- region of the first transistor is preferably formed in a metal 

tion No. S63-239117 oxide . 
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In the above structure , it is preferable that a second FIG . 7 is a schematic cross - sectional view illustrating a 
transistor be included and the first conductor be electrically method for manufacturing a semiconductor device of one 
connected to a gate of the second transistor . embodiment of the present invention ; 

In the above structure , the first conductor and the second FIGS . 8A to 8C illustrate a transistor used in a semicon 
conductor contain at least one of Al and Cu . 5 ductor device of one embodiment of the present invention ; 

Another embodiment of the present invention is a method FIGS . 9A to 9D are cross - sectional views illustrating a 
for manufacturing a semiconductor device , including the capacitor used in a semiconductor device of one embodi 
steps of forming a first conductor over a first insulator , ment of the present invention ; 
forming a resist mask in a pattern over the first conductor , FIGS . 10A to 10C illustrate a transistor used in a semi 
etching the first conductor with the resist mask to form a conductor device of one embodiment of the present inven 
second conductor and a third conductor , performing an tion ; 
impurity removal step on the first insulator after the forma- FIGS . 11A to 11C are circuit diagrams each illustrating a 
tion of the second conductor and the third conductor , remov- circuit of a semiconductor device ( a memory device ) of one 
ing the resist mask , forming a second insulator over the first embodiment of the present invention ; 
insulator , the second conductor , and the third conductor , and FIGS . 12A and 12B are a cross - sectional view and a top 
forming a groove for exposing the first insulator in the view illustrating a structure of a semiconductor device ( a 
second insulator between the second conductor and the third memory device ) of one embodiment of the present inven 
conductor . The first conductor contains a metal A ( one kind tion ; 
or a plurality of kinds of aluminum , copper , tungsten , 20 FIGS . 13A and 13B are a cross - sectional view and a top 
chromium , silver , gold , platinum , tantalum , nickel , molyb- view illustrating a structure of a semiconductor device ( a 
denum , magnesium , beryllium , indium , and ruthenium ) . memory device ) of one embodiment of the present inven 

In the above structure , the impurity removal step prefer- tion ; 
ably includes washing treatment with pure water . Further- FIGS . 14A to 14C illustrate a transistor used in a semi 
more , in the above structure , the first conductor contains at 25 conductor device of one embodiment of the present inven 
least one of Al and Cu . tion ; 

According to one embodiment of the present invention , FIGS . 15A to 15F each illustrate an electronic device of 
the leakage current path between the wiring and the memory one embodiment of the present invention ; and 
cell included in the semiconductor device is blocked and the FIGS . 16A to 16E are a schematic cross - sectional view 
retention characteristics of the memory are improved . 30 and cross - sectional STEM images of evaluation examples . 

According to one embodiment of the present invention , a 
semiconductor device which can reduce the leakage current DETAILED DESCRIPTION OF THE 
between the wiring and the connection electrode connected INVENTION 
to a floating node is provided . Alternatively , a semiconduc 
tor device that can be miniaturized or highly integrated is 35 Embodiments will be described below with reference to 
provided . Alternatively , a semiconductor device capable of drawings . Note that the embodiments can be implemented 
retaining data for a long time is provided . Alternatively , a with various modes , and it will be readily appreciated by 
semiconductor device which can reduce leakage current those skilled in the art that modes and details can be changed 
between wirings is provided . in various ways without departing from the spirit and scope 

Note that the description of these effects does not preclude 40 of the present invention . Thus , the present invention should 
the existence of other effects . One embodiment of the not be interpreted as being limited to the following descrip 
present invention does not have to have all the effects listed tion of the embodiments . 
above . Other effects will be apparent from and can be In the drawings , the size , the layer thickness , or the region 
derived from the description of the specification , the draw- is exaggerated for clarity in some cases . Therefore , the size , 
ings , the claims , and the like . 45 the layer thickness , or the region is not limited to the 

illustrated scale . Note that the drawings are schematic views 
BRIEF DESCRIPTION OF THE DRAWINGS showing ideal examples , and embodiments of the present 

invention are not limited to shapes or values shown in the 
In the accompanying drawings : drawings . In the drawings , the same portions or portions 
FIGS . 1A and 1B are a schematic cross - sectional view and 50 having similar functions are denoted by the same reference 

a schematic top view illustrating a semiconductor device of numerals in different drawings , and explanation thereof will 
one embodiment of the present invention ; not be repeated . Further , the same hatching pattern is applied 
FIG . 2 is a schematic cross - sectional view illustrating a to portions having similar functions , and the portions are not 

semiconductor device of one embodiment of the present especially denoted by reference numerals in some cases . 
invention ; Especially in a top view ( also referred to as a " plan 
FIGS . 3A and 3B are a schematic cross - sectional view and view ” ) , some components might not be illustrated for easy 

a schematic top view illustrating a semiconductor device of understanding of the invention . In addition , some hidden 
one embodiment of the present invention ; lines and the like might not be shown . 
FIGS . 4A and 4B are schematic cross - sectional views Note that the ordinal numbers such as “ first " , " second ” , 

each illustrating a semiconductor device of one embodiment 60 and the like in this specification and the like are used for 
of the present invention ; convenience and do not denote the order of steps or the 
FIG . 5 is a schematic cross - sectional view illustrating a stacking order of layers . Therefore , for example , description 

method for manufacturing a semiconductor device of one can be made even when “ first " is replaced with “ second ” or 
embodiment of the present invention ; “ third ” , as appropriate . In addition , the ordinal numbers in 
FIG . 6 is a schematic cross - sectional view illustrating a 65 this specification and the like are not necessarily the same as 

method for manufacturing a semiconductor device of one those which specify one embodiment of the present inven 
embodiment of the present invention ; tion . 

55 



20 

US 10,971,528 B2 
5 6 

In this specification , terms for describing arrangement , For example , in this specification and the like , an explicit 
such as “ over " , " above ” , “ under ” , and “ below ” , are used for description “ X and Y are connected ” means that X and Y are 
convenience in describing a positional relation between electrically connected , X and Y are functionally connected , 
components with reference to drawings . Further , the posi- and X and Y are directly connected . Accordingly , without 
tional relation between components is changed as appropri- 5 being limited to a predetermined connection relationship , for 
ate in accordance with a direction in which each component example , a connection relationship shown in drawings or 
is described . Thus , there is no limitation on terms used in texts , another connection relationship is included in the 
this specification , and description can be made appropriately drawings or the texts . 
depending on the situation . Here , X and Y each denote an object ( e.g. , a device , an 

In this specification and the like , a transistor is an element 10 element , a circuit , a wiring , an electrode , a terminal , a conductive film , and a layer ) . having at least three terminals of a gate , a drain , and a Examples of the case where X and Y are directly con source . The transistor includes a channel formation region nected include the case where an element that allows an between the drain ( a drain terminal , a drain region , or a drain electrical connection between X and Y ( e.g. , a switch , a 
electrode ) and the source ( a source terminal , a source region , 15 transistor , a capacitor , an inductor , a resistor , a diode , a 
or a source electrode ) , and current can flow between the display element , a light - emitting element , and a load ) is not 
source and the drain through the channel formation region . connected between X and Y , and the case where X and Y are 
Note that in this specification and the like , a channel connected without the element that allows the electrical 
formation region refers to a region through which current connection between X and Y provided therebetween . 
mainly flows . For example , in the case where X and Y are electrically 

Furthermore , functions of a source and a drain might be connected , one or more elements that allow an electrical 
switched when a transistor of opposite polarity is employed connection between X and Y ( e.g. , a switch , a transistor , a 
or a direction of current flow is changed in circuit operation , capacitor , an inductor , a resistor , a diode , a display element , 
for example . Therefore , the terms " source " and " drain ” can a light - emitting element , and a load ) can be connected 
be switched in this specification and the like . 25 between X and Y. Note that the switch is controlled to be 

Note that in this specification and the like , a silicon turned on or off . That is , the switch is conducting or not 
oxynitride film refers to a film in which the proportion of conducting ( is turned on or off ) to determine whether current 
oxygen is higher than that of nitrogen . The silicon oxynitride flows therethrough or not . Alternatively , the switch has a 
film preferably contains oxygen , nitrogen , silicon , and function of selecting and changing a current path . Note that 
hydrogen at concentrations ranging from 55 atomic % to 65 30 the case where X and Y are electrically connected includes 
atomic % , 1 atomic % to 20 atomic % , 25 atomic % to 35 the case where X and Y are directly connected . 
atomic % , and 0.1 atomic % to 10 atomic % , respectively . A For example , in the case where X and Y are functionally 
silicon nitride oxide film refers to a film in which the connected , one or more circuits that allow a functional 
proportion of nitrogen is higher than that of oxygen . The connection between X and Y ( e.g. , a logic circuit such as an 
silicon nitride oxide film preferably contains nitrogen , oxy- 35 inverter , a NAND circuit , or a NOR circuit ; a signal con 
gen , silicon , and hydrogen at concentrations ranging from 55 verter circuit such as a D / A converter circuit , an A / D 
atomic % to 65 atomic % , 1 atomic % to 20 atomic % , 25 converter circuit , or a gamma correction circuit ; a potential 
atomic % to 35 atomic % , and 0.1 atomic % to 10 atomic % , level converter circuit such as a power supply circuit ( e.g. , 
respectively . a step - up circuit or a step - down circuit ) or a level shifter 

In this specification and the like , the terms “ film ” and 40 circuit for changing the potential level of a signal ; a voltage 
" layer " can be interchanged with each other . For example , source ; a current source ; a switching circuit ; an amplifier 
the term " conductive layer " can be changed into the term circuit such as a circuit that can increase signal amplitude , 
" conductive film " in some cases . Also , for example , the term the amount of current , or the like , an operational amplifier , 
“ insulating film ” can be changed into the term “ insulating a differential amplifier circuit , a source follower circuit , and 
layer " in some cases . 45 a buffer circuit ; a signal generation circuit ; a memory circuit ; 

Furthermore , unless otherwise specified , transistors or a control circuit ) can be connected between X and Y. For 
described in this specification and the like are enhancement- example , even when another circuit is interposed between X 
type ( normally - off - type ) field - effect transistors . Unless oth- and Y , X and Y are functionally connected if a signal output 
erwise specified , transistors described in this specification from X is transmitted to Y. Note that the case where X and 
and the like are n - channel transistors . Thus , unless otherwise 50 Y are functionally connected includes the case where X and 
specified , the threshold voltage ( also referred to as “ Vth ” ) is Y are directly connected and the case where X and Y are 
larger than 0 V. electrically connected . 

In this specification and the like , the term “ parallel ” Note that in this specification and the like , an explicit 
indicates that the angle formed between two straight lines is description “ X and Y are electrically connected ” means that 
greater than or equal to -10 ° and less than or equal to 10 ° , 55 X and Y are electrically connected ( i.e. , the case where X 
and accordingly also includes the case where the angle is and Y are connected with another element or another circuit 
greater than or equal to -5º and less than or equal to 5º . In provided therebetween ) , X and Y are functionally connected 
addition , the term “ substantially parallel ” indicates that the ( i.e. , the case where X and Y are functionally connected with 
angle formed between two straight lines is greater than or another circuit provided therebetween ) , and X and Y are 
equal to -30 ° and less than or equal to 30 ° . The term 60 directly connected ( i.e. , the case where X and Y are con 
" perpendicular ” indicates that the angle formed between two nected without another element or another circuit provided 
straight lines is greater than or equal to 80 ° and less than or therebetween ) . That is , in this specification and the like , the 
equal to 100 ° , and accordingly also includes the case where explicit description “ X and Y are electrically connected ” is 
the angle is greater than or equal to 85 ° and less than or equal the same as the description “ X and Y are connected ” . 
to 95 ° . In addition , the term “ substantially perpendicular ” 65 For example , any of the following expressions can be 
indicates that the angle formed between two straight lines is used for the case where a source ( or a first terminal or the 
greater than or equal to 60 ° and less than or equal to 120 ° . like ) of a transistor is electrically connected to X through ( or 
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not through ) Z1 and a drain ( or a second terminal or the like ) a drain ( or a second terminal or the like ) of a transistor can 
of the transistor is electrically connected to Y through ( or not be distinguished from each other to specify the technical 
through ) Z2 , or the case where a source ( or a first terminal scope . 
or the like ) of a transistor is directly connected to a part of Note that these expressions are examples and there is no 
Z1 and another part of Z1 is directly connected to X while 5 limitation on the expressions . Here , X , Y , Z1 , and Z2 each 
a drain ( or a second terminal or the like ) of the transistor is denote an object ( e.g. , a device , an element , a circuit , a 
directly connected to a part of Z2 and another part of Z2 is wiring , an electrode , a terminal , a conductive film , and a 
directly connected to Y. layer ) . 

The expressions include , for example , “ X , Y , a source ( or Even when independent components are electrically con 
a first terminal or the like ) of a transistor , and a drain ( or a 10 nected to each other in a circuit diagram , one component has 
second terminal or the like ) of the transistor are electrically functions of a plurality of components in some cases . For 
connected to each other , and X , the source ( or the first example , when part of a wiring also functions as an elec 
terminal or the like ) of the transistor , the drain ( or the second trode , one conductive film functions as the wiring and the 
terminal or the like ) of the transistor , and Y are electrically electrode . Thus , “ electrical connection ” in this specification 
connected to each other in this order ” , “ a source ( or a first 15 includes in its category such a case where one conductive 
terminal or the like ) of a transistor is electrically connected film has functions of a plurality of components . 
to X , a drain ( or a second terminal or the like ) of the Note that in this specification , a barrier film refers to a film 
transistor is electrically connected to Y , and X , the source ( or having a function of inhibiting the passage of oxygen and 
the first terminal or the like ) of the transistor , the drain ( or impurities such as hydrogen . The barrier film that has 
the second terminal or the like ) of the transistor , and Y are 20 conductivity may be referred to as a conductive barrier film . 
electrically connected to each other in this order ” , and “ X is 
electrically connected to Y through a source ( or a first Embodiment 1 
terminal or the like ) and a drain ( or a second terminal or the 
like ) of a transistor , and X , the source ( or the first terminal In this embodiment , structures and a manufacturing 
or the like ) of the transistor , the drain ( or the second terminal 25 method of a semiconductor device of one embodiment of the 
or the like ) of the transistor , and Y are provided to be present invention are described with reference to FIGS . 1A 
connected in this order ” . When the connection order in a and 1B to FIGS . 10A to 10C . Note that in FIGS . 1A and 1B 
circuit configuration is defined by an expression similar to to FIGS . 10A to 10C , some components of the semiconduc 
the above examples , a source ( or a first terminal or the like ) tor device are not illustrated for clarity . 
and a drain ( or a second terminal or the like ) of a transistor 30 < Structure Examples of Semiconductor Device > 
can be distinguished from each other to specify the technical FIGS . 1A and 1B illustrate a part of a structure of a 
scope . semiconductor device of one embodiment of the present 

Other examples of the expressions include , “ a source ( or invention . FIG . 1B is a schematic top view illustrating a 
a first terminal or the like ) of a transistor is electrically structure of a semiconductor device . FIG . 1A corresponds to 
connected to X through at least a first connection path , the 35 a schematic cross - sectional view taken along dashed - dotted 
first connection path does not include a second connection line x - y in FIG . 1B . Note that in the top view such as FIG . 
path , the second connection path is a path between the 1B , a groove 250 is illustrated as a hatch pattern . 
source ( or the first terminal or the like ) and a drain ( or a In the cross - sectional view such as FIG . 1A , end portions 
second terminal or the like ) of the transistor , Z1 is on the first of some of patterned conductors , semiconductors , and insu 
connection path , the drain ( or the second terminal or the 40 lators have right - angled corners ; however , the semiconduc 
like ) of the transistor is electrically connected to Y through tor device in this embodiment is not limited thereto and can 
at least a third connection path , the third connection path have rounded end portions . 
does not include the second connection path , and Z2 is on The semiconductor device illustrated in FIGS . 1A and 1B 
the third connection path ” , “ a source ( or a first terminal or includes a substrate 210 , an insulator 212 , an insulator 213 , 
the like ) of a transistor is electrically connected to X through 45 a conductor 220 , a conductor 221 , a conductor 222 , a 
at least Zl on a first connection path , the first connection conductor 223 , a conductor 226 , a conductor 227 , a film 
path does not include a second connection path , the second 240a , a film 240b , and the groove 250 . 
connection path includes a connection path through the In the semiconductor device in FIGS . 1A and 1B , the 
transistor , a drain ( or a second terminal or the like ) of the conductor 220 is provided over the substrate 210. The 
transistor is electrically connected to Y through at least Z2 50 insulator 212 is provided over the substrate 210 and the 
on a third connection path , and the third connection path conductor 220 to cover the conductor 220. The conductor 
does not include the second connection path ” , and “ a source 221 is provided over the insulator 212. The insulator 213 is 
( or a first terminal or the like ) of a transistor is electrically provided over the insulator 212 and the conductor 221 to 
connected to X through at least Z1 on a first electrical path , cover the conductor 221. Furthermore , the conductor 226 
the first electrical path does not include a second electrical 55 and the conductor 227 are provided in the same layer over 
path , the second electrical path is an electrical path from the the insulator 213. The film 240a is provided over and to 
source ( or the first terminal or the like ) of the transistor to a cover the conductor 226 and the film 240b is provided over 
drain ( or a second terminal or the like ) of the transistor , the and to cover the conductor 227. In addition , the groove 250 
drain ( or the second terminal or the like ) of the transistor is is provided in the insulator 213 between the conductor 226 
electrically connected to Y through at least Z2 on a third 60 and the conductor 227 . 
electrical path , the third electrical path does not include a In the semiconductor device in FIGS . 1A and 1B , a first 
fourth electrical path , and the fourth electrical path is an opening portion is provided in the insulator 212 and the 
electrical path from the drain ( or the second terminal or the insulator 213 to reach the conductor 220 , and the conductor 
like ) of the transistor to the source ( or the first terminal or the 222 is provided in the first opening portion . The conductor 
like ) of the transistor ” . When the connection path in a circuit 65 220 is electrically connected to the conductor 226 through 
configuration is defined by an expression similar to the the conductor 222. Furthermore , in the semiconductor 
above examples , a source ( or a first terminal or the like ) and device in FIGS . 1A and 1B , a second opening portion is 
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provided in the insulator 213 to reach the conductor 221 , and groove 250 is formed can be prevented . Thus , leakage 
the conductor 223 is provided in the second opening portion . current between the conductor 226 and the conductor 227 
The conductor 221 is electrically connected to the conductor through the residue 230 of the metal A can be reduced . 
226 through the conductor 223. That is , the conductor 220 Note that as illustrated in FIG . 2 , part of the residue 230 
and the conductor 221 are electrically connected to each 5 of the metal A and the film 240 may be removed to expose 
other through the conductor 226 . the insulator 213. At this time , the position of the bottom 

Note that the conductor 220 and the conductor 221 may surface of the groove 250 is the same as that of the bottom 
be formed in the same layer . Alternatively , the conductor 221 surface ( the surface in contact with the insulator 213 ) of the 
may be formed in a layer under the conductor 220 . conductor 226 . 

For example , the conductor 226 functions as a floating 10 Alternatively , as illustrated in FIGS . 3A and 3B , the 
node ( FN ) or a connection electrode connected to the groove be formed around the conductor 226 and a 
floating node in some cases . The conductor 227 may func- groove 250a may be formed around the conductor 227. With 
tion as a wiring . For the wiring , a metal A with a low electric such a structure , design flexibility can be improved when the 
resistance value ( a metal A is a metal material such as grooves are formed around all of the conductors provided in 
aluminum , copper , tungsten , chromium , silver , gold , plati- 15 the same layer as compared with when the groove is formed 
num , tantalum , nickel , molybdenum , magnesium , beryllium , around only the conductor 226 . 
indium , or ruthenium ) or a conductor containing a metal A Alternatively , as illustrated in FIG . 4A , a groove 250b 
is preferably used . In the case where a metal A or a may be formed around the conductor 221. With such a 
conductor containing a metal A is used for the conductor 226 structure , leakage current between the conductor 221 and a 
or the conductor 227 , cleaning treatment is performed after 20 conductor ( not illustrated ) provided in the same layer as the 
the formation of the conductor 226 or the conductor 227 in conductor 221 can be reduced . Note that in FIG . 4A , the 
some cases . In the cleaning treatment , the metal A may be groove 250 is formed around the conductor 226 ; however , 
slightly dissolved from the end portion of the conductor 226 the groove 250a may be formed around the conductor 227 
or the conductor 227 , and a residue 230 of the metal A ( see instead of the groove 250 . 
FIG . 6 ) may be formed on the surface of the insulator 213. 25 Alternatively , as illustrated in FIG . 4B , a groove 250c 

Furthermore , after the conductor 226 or the conductor 227 may be formed around the conductor 220. With such a 
is formed , a resist mask is removed by ashing or with a resist structure , leakage current between the conductor 220 and a 
stripper . When the resist mask is removed , the metal A may conductor ( not illustrated ) provided on the same layer as the 
be slightly dissolved from the end portion of the conductor conductor 220 can be reduced . Note that in FIG . 4B , the 
226 or the conductor 227 , and the residue 230 of the metal 30 groove 250 is formed around the conductor 226 ; however , 
A may be formed on the surface of the insulator 213. Note the groove 250a may be formed around the conductor 227 
that the residue 230 of the metal A may be formed on the top instead of the groove 250 . 
surface or the side surface of the conductor 226 or the Furthermore , for example , the conductor 222 , the con 
conductor 227 . ductor 223 , and the conductor 226 can be provided as one 

The residue 230 of the metal A formed on the surface of 35 conductor by a damascene method or a dual damascene 
the insulator 213 is too thin to be observed with a transmis- method . By using a damascene method or a dual damascene 
sion electron microscope ( TEM ) . With an EDX , the metal A method , copper can be used as a conductive material serving 
is detected in a slight amount . However , due to the residue as the conductor 222 , the conductor 223 , and the conductor 
230 of the metal A , leakage current may be generated 226 . 
between the conductor 226 and the conductor 227 which are 40 Note that in the above case , the conductor serving as the 
formed in the same layer . For example , in the case where an conductor 222 , the conductor 223 , and the conductor 226 is 
extremely low leakage current , such as 10-21 A ( ZA ) or 10-24 provided to be embedded in the insulator 212 and the 
A ( YA ) , is required , even when there is a small amount of insulator 213. Moreover , the conductor 227 provided in the 
residue 230 of the metal A , it is highly probable that leakage same process may be embedded in the insulator 213. The 
current is affected . 45 damascene method or the dual damascene method includes 

Then , a film 240 is provided over the conductor 226 , the a step of stacking conductors and removing a conductor 
conductor 227 , and the insulator 213 ( see FIG . 7 ) . Next , in other than a wiring portion and a conductor portion by a 
a region between the conductor 226 and the conductor 227 , chemical mechanical polishing ( CMP ) method . In the CMP 
the groove 250 is provided in the film 240 and the insulator treatment , copper used for the conductor serving as the 
213 to expose part of the insulator 213. Note that in this 50 conductor 222 , the conductor 223 , and the conductor 226 is 
specification , the groove 250 is a region where at least part slightly left on the surface of the insulator 213 in some cases . 
of the film 240 over the insulator 213 is removed . In the top Due to the residue , leakage current may be generated 
view , the groove 250 is formed around the conductor 226 , between the conductor serving as the conductor 222 , the 
and in the cross - sectional view , the position of the bottom conductor 223 , and the conductor 226 , and the conductor 
surface of the groove 250 is lower than that of the bottom 55 227 which is formed adjacently . 
surface ( a surface in contact with the insulator 213 ) of the Thus , the film 240 is provided over the conductor serving 
conductor 226 . as the conductor 222 , the conductor 223 , and the conductor 
When the groove 250 is formed , the residue 230 of the 226 , the conductor 227 , and the insulator 213. In the region 

metal A which is on the surface of the insulator 213 in a between the conductor 227 and the conductor serving as the 
region where the groove 250 is formed is removed together 60 conductor 222 , the conductor 223 , and the conductor 226 , 
with the film 240. Thus , the residue 230 of the metal A can the groove 250 is formed in the film 240 and the insulator 
be separated into a residue 230a of the metal A and a residue 213 to expose part of the insulator 213. In this case , in the 
230b of the metal A. The film 240 is provided over the top view , the groove 250 is formed around the conductor 
conductor 226 , the conductor 227 , and the insulator 213 , serving as the conductor 222 , the conductor 223 , and the 
whereby the formation of a residue of the metal A due to the 65 conductor 226 , and in the cross - sectional view , the position 
dissolution of the metal A from the conductor 226 , the of the bottom surface of the groove 250 is lower than that of 
conductor 227 , and the residue 230 of the metal A when the the top surface of the conductor serving as the conductor 
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222 , the conductor 223 , and the conductor 226 ( the same in the insulator 212 and the insulator 213. Hereinafter , an 
surface as the top surface of the insulator 213 ) . Thus , opening portion is referred to as a via hole or a contact hole 
leakage current between the conductor 227 and the conduc- in some cases . 
tor serving as the conductor 222 , the conductor 223 , and the The first opening portion and the second opening portion 
conductor 226 through the residue of the copper can be 5 are each a via hole where a plug is provided and are each 
reduced . required to have a high aspect ratio in many cases . 

Note that part of the residue of the copper and the film 240 Thus , an anisotropic dry etching is preferably used for 
may be removed to expose the insulator 213. At this time , formation of the first opening portion and the second open the position of the bottom surface of the groove 250 is the ing portion . 
same as that of the top surface of the conductor serving as 10 Then , the conductor 223 is formed to be embedded in the the conductor 222 , the conductor 223 , and the conductor 226 
( the same surface as the top surface of the insulator 213 ) . second opening portion . In addition , the conductor 222 is 

formed to be embedded in the first opening portion . Here < Method for Manufacturing Semiconductor Device > 
A method for manufacturing a semiconductor device of inafter , the conductor 222 and the conductor 223 are each 

one embodiment of the present invention is described below 15 referred to as a plug in some cases . As materials of the 
with reference to FIGS . 1A and 1B , FIG . 5 , FIG . 6 , and FIG . conductors 222 and 223 , a conductive material such as a 
7. FIG . 5 , FIG . 6 , and FIG . 7 are each a schematic cross metal material , an alloy material , a metal nitride material , or 
sectional view illustrating a method for manufacturing a a metal oxide material can be used in a single - layer structure 
semiconductor device of one embodiment of the present or a stacked - layer structure . It is preferable to use a high 
invention . With reference to FIGS . 1A and 1B , FIG . 5 , FIG . 20 melting - point material that has both heat resistance and 
6 , and FIG . 7 , a process for forming the groove 250 between conductivity , such as tungsten or molybdenum , and it is 
the conductor 226 and the conductor 227 which are provided particularly preferable to use tungsten . Alternatively , a low 
in the same layer is described . resistance conductive material such as aluminum or copper 

First , a substrate 210 is prepared . is preferably used . The use of a low - resistance conductive 
The conductor 220 is formed over the substrate 210. The 25 material can reduce wiring resistance . 

conductor 220 may have either a single - layer structure or a The first opening portion and the second opening portion 
stacked - layer structure . In addition , an insulator and the like may be formed at a time or may be formed through different 
may be provided between the substrate 210 and the conduc- processes . Furthermore , the conductors 222 and 223 may be 
tor 220 . formed at a time or may be formed through different 

Next , the insulator 212 is formed over and to cover the 30 processes . 
conductor 220. The insulator 212 may have either a single- Here , a method for forming the first opening portion and 
layer structure or a stacked - layer structure . The insulator 212 the second opening portion through different processes and 
can be deposited by a sputtering method , a chemical vapor forming the conductors 222 and 223 through different pro 
deposition ( CVD ) method , a molecular beam epitaxy ( MBE ) cesses is described . 
method , a pulsed laser deposition ( PLD ) method , an atomic 35 For example , after the insulator 212 is formed , an opening 
layer deposition ( ALD ) method , or the like . portion to be the first opening portion that reaches the 
CVD methods can be classified into a plasma enhanced conductor 220 is formed in the insulator 212 , and a first 

CVD ( PECVD ) method using plasma , a thermal CVD conductor is formed in the opening portion to be the first 
( TCVD ) method using heat , a photo CVD method using opening portion . Then , when the conductor 221 is formed , a 
light , and the like . Moreover , the CVD methods can be 40 conductor to be a plug or a wiring is formed over and in 
classified into a metal CVD ( MCVD ) method and a metal contact with the first conductor . Then , the insulator 213 is 
organic CVD ( MOCVD ) method depending on a source gas . formed over the conductor to be the plug or the wiring , the 

The insulator 212 may be formed to have a flat top insulator 212 , and the conductor 221. In the insulator 213 , an 
surface . For example , the top surface of the insulator 212 opening portion to be the first opening portion that reaches 
may have flatness at the time of forming the insulator 212. 45 the conductor to be the plug or the wiring and the second 
Alternatively , for example , the insulator 212 may have opening portion that reaches the conductor 221 are formed 
flatness by removing the insulator 212 from the top surface at the same time . Then , a second conductor and the con 
after the film formation so that the top surface becomes ductor 223 are formed at the same time in the opening 
parallel to a reference surface such as a rear surface of the portion to be the first opening portion and the second 
substrate . Such treatment is referred to as planarization 50 opening portion , respectively . Through these steps , the first 
treatment . As the planarization treatment , for example , CMP conductor , the conductor to be the plug or the wiring , and the 
treatment , dry etching treatment , or the like can be per- second conductor are connected to each other , whereby the 
formed . Note that the top surface of the insulator 212 does conductor 222 can be formed . 
not necessarily have flatness . Next , the insulator 213 , the conductor 222 , and the 

Next , the conductor 221 is formed over the insulator 212. 55 conductor 223 may be subjected to polishing treatment . As 
The conductor 221 may have either a single - layer structure the polishing treatment , mechanical polishing , chemical 
or a stacked - layer structure . polishing , CMP , or the like is performed . 
Next , the insulator 213 is formed over and to cover the The conductor 225 is deposited over the insulator 213 , the 

conductor 221. Note that the insulator 213 may have either conductor 222 , and the conductor 223 ( see FIG . 5 ) . The 
a single - layer structure or a stacked - layer structure . Further- 60 conductor 225 may have either a single - layer structure or a 
more , the insulator that can be used as the insulator 212 is stacked - layer structure . As the conductor 225 part of which 
referred to for the insulator 213. Note that the insulator 213 is used as a wiring , a metal A with a low electric resistance 
may be formed to have a flat top surface , like the insulator value ( a metal A is a metal material such as aluminum , 
212 . copper , tungsten , chromium , silver , gold , platinum , tanta 
Next , a second opening portion which reaches the con- 65 lum , nickel , molybdenum , magnesium , beryllium , indium , 

ductor 221 is formed in the insulator 213. In addition , a first or ruthenium ) or a conductor containing a metal A is 
opening portion which reaches the conductor 220 is formed preferably used . 
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A resist mask is formed in a pattern over the conductor cleaning by heat treatment , and the like may be performed 
225. The resist mask is formed by a lithography method or by itself or in appropriate combination . 
the like . The wet cleaning may be performed using an aqueous 

In the lithography method , first , a resist is exposed to light solution in which oxalic acid , phosphoric acid , hydrofluoric 
through a photomask . Next , a region exposed to light is 5 acid , or the like is diluted with carbonated water or pure 
removed or left using a developing solution , so that a resist water . Alternatively , ultrasonic cleaning using pure water or 
mask is formed . Then , etching is conducted with the resist carbonated water may be performed . 
mask . As a result , a conductor , a semiconductor , an insulator , Side surfaces of the conductor 226 and the conductor 227 
or the like can be processed into a desired shape . The resist are substantially perpendicular to the top surface of the 
mask is formed by , for example , exposure of the resist to insulator 213 in FIG . 6 ; however , the semiconductor device 
light using KrF excimer laser light , ArF excimer laser light , in this embodiment is not limited thereto . For example , the 
extreme ultraviolet ( EUV ) light , or the like . Alternatively , a conductors 226 and 227 may each have a tapered shape in 
liquid immersion technique may be employed in which a which its side surface is inclined at an angle larger than or 
portion between a substrate and a projection lens is filled 15 equal to 30 ° and smaller than 90 ° to the top surface of the 
with liquid ( e.g. , water ) to perform light exposure . An insulator 213 . 
electron beam or an ion beam may be used instead of the After the conductors 226 and 227 are formed by etching 
above - mentioned light . Note that a photomask is not nec- the conductor 225 , cleaning is performed in some cases to 
essary in the case of using an electron beam or an ion beam . prevent corrosion of the conductors 226 and 227. After the 
Note that dry etching treatment such as ashing or wet etching 20 step of cleaning , the step of removing the resist mask , and 
treatment can be used for removal of the resist mask . the like , as illustrated in FIG . 6 , the residue 230 of the metal 
Alternatively , wet etching treatment is performed in addition A may be formed on the surfaces of the insulator 213 , the 
to dry etching treatment . Further alternatively , dry etching conductor 226 , and the conductor 227. It is highly probable 
treatment can be performed in addition to wet etching that leakage current is generated between the conductor 226 
treatment . 25 to be a connection electrode and the conductor 227 to be a 

Next , the conductor 225 is partly etched with the resist wiring through the residue 230 of the metal A. 
mask until the top surface of the insulator 213 is exposed , Thus , as illustrated in FIG . 7 , the film 240 is formed over whereby the conductor 226 and the conductor 227 are the insulator 213 , the residue 230 of the metal A , the formed ( see FIG . 6 ) . Dry etching is preferably used as the conductor 226 , and the conductor 227. An insulator can be etching used for the film 240 , for example . Furthermore , a semi As a dry etching apparatus , a capacitively coupled plasma conductor or a conductor may be used . ( CCP ) etching apparatus including parallel plate type elec 
trodes can be used . The capacitively coupled plasma etching Next , the groove 250 that reaches the insulator 213 is 
apparatus including the parallel plate type electrodes may formed by removing part of the surface of the insulator 213 , 
have a structure in which a high - frequency power source is 35 the residue 230 of the metal A , and the film 240 in a region 
applied to one of the parallel plate type electrodes . Alterna overlapping with the groove 250 to surround the conductor 
tively , the capacitively coupled plasma etching apparatus 226 when seen from above ( see FIG . 1B ) . By forming the 
may have a structure in which different high - frequency groove 250 , the film 240 is divided into the film 240a and 
power sources are applied to one of the parallel plate type the film 240b . For example , as a material of the film 240 , a 
electrodes . Alternatively , the capacitively coupled plasma 40 material that is similar to the material of the insulator 213 is 
etching apparatus may have a structure in which high- preferably used . Alternatively , a material with which both of 
frequency power sources with the same frequency are the insulator 213 and the film 240 are removed by the same 
applied to the parallel plate type electrodes . Alternatively , method is preferably used . Thus , when the groove 250 is 
the capacitively coupled plasma etching apparatus may have formed , the film 240 and part of the surface of the insulator 
a structure in which high - frequency power sources with 45 213 in a region overlapping with the groove 250 can be 
different frequencies are applied to the parallel plate type removed at a time . Furthermore , as a material of the film 
electrodes . Alternatively , a dry etching apparatus including 240 , a material not containing the metal A is preferably used . a high - density plasma source can be used . As the dry etching Alternatively , a material containing the metal A can be used apparatus including a high - density plasma source , an induc as the material of the film 240 as long as the residue of the tively coupled plasma ( ICP ) etching apparatus can be used , 50 metal A is not formed after the film 240 in a region 
for example . overlapping with the groove 250 is removed . Note that the The resist mask is removed after the etching . For removal grooves 250 formed in part of the surface of the insulator of the resist mask , dry etching treatment such as ashing or 213 , the residue 230 of the metal A , and the film 240 may wet etching treatment using a dedicated stripper or the like be formed through different processes . can be used . Alternatively , wet etching treatment is per- 55 
formed in addition to dry etching treatment . Further alter In this manner , the residue 230 of the metal A can be 
natively , dry etching treatment can be performed in addition divided into the residue 230a of the metal A formed between 

the insulator 213 and the film 240a and the conductor 226 to wet etching treatment . 
In some cases , treatment such as dry etching performed in and the film 240a and the residue 230b of the metal A formed 

the above process causes the attachment or diffusion of 60 between the insulator 213 and the film 240b and the con 
impurities due to an etching gas or the like to a surface or the ductor 227 and the film 2406. That is , the electrical con 
inside of the insulator 213 or the like . The impurity is nection between the conductor 226 and the conductor 227 
fluorine or chlorine , for example . through the residue 230 of the metal A can be blocked . 
A step of removing the above impurities and the like is Through the above steps , the semiconductor device of one 

performed . For example , cleaning treatment is preferably 65 embodiment of the present invention can be fabricated . 
performed . As the cleaning , any of wet cleaning using a When the groove 250 is provided , leakage current between 
cleaning solution or the like , plasma treatment using plasma , the conductor 226 and the conductor 227 can be reduced . 
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In addition , when the groove 250 is provided , a distance electrode of the capacitor , and the other of the conductor 220 
between the conductors 226 and 227 can be reduced . Thus , and the conductor 221 is not formed in some cases . 
a semiconductor device that can be miniaturized or highly Furthermore , in the structure example of this embodi 
integrated can be provided . ment , the semiconductor device includes a transistor and a 
< Specific Example of Semiconductor Device 5 capacitor ; however , one embodiment of the present inven 
A specific example of a structure of a semiconductor tion is not limited thereto . For example , the semiconductor 

device of one embodiment of the present invention is device may include a first transistor , a capacitor , and a 
described below with reference to FIGS . 1A and 1B . second transistor . For example , one of the conductor 220 and 

the conductor 221 functions as one of a source and a drain Here , the case where the conductor 220 is one of com ponents of a transistor and the conductor 221 is one of 10 of the first transistor and one electrode of the capacitor and 
the other of the conductor 220 and the conductor 221 components of a capacitor is described . functions as a gate of the second transistor in some cases . For example , the conductor 220 functions as one of a Alternatively , for example , one of the conductor 220 and the source ( a source region or a source electrode ) and a drain ( a conductor 221 functions as one of the source and the drain 

drain region or a drain electrode ) of a transistor and the 15 of the first transistor , the other of the conductor 220 and the conductor 221 functions as one electrode of a capacitor . conductor 221 functions as the gate of the second transistor , 
Furthermore , the conductor 227 functions as a wiring . The and the conductor 226 functions as one electrode of the 
conductor 226 , which is electrically connected to one of the capacitor in some cases . 
source and the drain of the transistor and one electrode of the < Structure Example of Transistor > 
capacitor , is referred to as a connection electrode in some 20 A structure example of a transistor provided in a semi 
cases . Note that the functions of the conductor 221 and the conductor device in this embodiment is described with 
conductor 220 may be replaced with each other . reference to FIGS . 8A to 8C . 

Here , the groove 250 is provided to surround the conduc- The transistor preferably has a low leakage current in an 
tor 226 when seen from above . For example , as illustrated in off state ( off - state current ) . When a transistor having a low 
FIG . 1B , the groove 250 is provided to surround the outer 25 off - state current is used , charges applied to one electrode of 
periphery of the conductor 226. Note that the groove 250 is the capacitor electrically connected to one of the source and 
provided between at least the conductor 226 and another the drain of the transistor through the connection electrode 
conductor formed in the same layer and is not necessarily can be retained for a long time . As an example of a transistor 
provided along the outer periphery of the conductor 226. For with a low off - state current , a transistor including an oxide 
example , the groove 250 may be provided in a rectangular 30 semiconductor in a channel formation region ( an oxide 
pattern so that the conductor 226 having a shape other than semiconductor transistor ) can be given . An oxide semicon 
a rectangular is located inward from the groove 250. Fur- ductor transistor has a low off - state current and can be 
thermore , the shape of the groove 250 can be , regardless of manufactured to overlap with a transistor including silicon , 
the shape of the conductor 226 , a quadrangular shape , a for example . An oxide semiconductor transistor is used as a 
polygonal shape other than a quadrangular shape , a circular 35 transistor provided in the semiconductor device in this 
shape , or a closed shape having a curve . embodiment , whereby the data retention performance of the 
The width of the groove 250 is designed in accordance semiconductor device in this embodiment can be improved . 

with a semiconductor device which is to be fabricated . In FIG . 8A is a top view of a transistor 400a included in a 
accordance with a voltage applied to the conductors 226 and semiconductor device in this embodiment . FIG . 8B is a 
227 , a distance with which leakage current is not generated 40 cross - sectional view taken along the dashed - dotted line 
is kept . Furthermore , only the film 240a over the conductor A1 - A2 in FIG . 8A . That is , FIG . 8B is a cross - sectional view 
226 may be left , and the film 240b and part of the surface of in the channel length direction of the transistor 400a . FIG . 
the insulator 213 in a region not overlapping with the film 8C is a cross - sectional view taken along dashed - dotted line 
240a may be removed . A3 - A4 in FIG . 8A . That is , FIG . 8C is a cross - sectional view 

With the above structure , charges ( voltage input to the 45 in the channel width direction of the transistor 400a . For 
floating node ( FN ) ) stored in a capacitor of a memory cell simplification of the drawing , some components are not 
included in the semiconductor device can be retained for a illustrated in the top view in FIG . 8A . The channel length 
long time . In addition , a transistor including an oxide direction of a transistor refers to a direction in which a 
semiconductor in which an off - state current is extremely low carrier moves between a source ( a source region or a source 
is provided in a memory cell , whereby charges ( voltage 50 electrode ) and a drain ( a drain region or a drain electrode ) in 
input to the floating node ( FN ) ) stored in a capacitor of a a plane parallel to a substrate , and the channel width 
memory cell can be retained for a long time . direction refers to a direction perpendicular to the channel 

Thus , a semiconductor device capable of retaining data length direction in a plane parallel to a substrate . 
for a long time can be provided . As illustrated in FIGS . 8A to 8C , the transistor 400a 

In the above - described structure of the semiconductor 55 includes an insulator 401 and an insulator 301 which are 
device , one of the conductor 220 and the conductor 221 provided over a substrate ( not illustrated ) ; a conductor 310 
functions as one of the source and the drain of the transistor ( a conductor 310a and a conductor 3105 ) embedded in the 
and the other of the conductor 220 and the conductor 221 insulator 301 ; an insulator 302 , an insulator 303 , and an 
functions as one electrode of the capacitor ; however , one insulator 402 over the conductor 310 ; an oxide 406a over the 
embodiment of the present invention is not limited thereto . 60 insulator 402 ; an oxide 406b over the oxide 406a ; a con 
For example , one of the conductor 220 and the conductor ductor 416al and a conductor 416a2 that are separate from 
221 functions as one of the source and the drain of the each other over the oxide 406b ; an oxide 406c over the oxide 
transistor and one electrode of the capacitor and the other of 406b , the conductor 416al , and the conductor 416a2 ; an 
the conductor 220 and the conductor 221 is not formed in insulator 412 over the oxide 406c ; and a conductor 404 ( a 
some cases . Alternatively , for example , one of the conductor 65 conductor 404a , a conductor 404b , and a conductor 404c ) at 
220 and the conductor 221 functions as one of the source and least part of which overlaps with the oxide 406b and which 
the drain of the transistor , the conductor 226 functions as one is over the insulator 412 . 
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Furthermore , an insulator 410 is provided over the insu- preferably 3.0x1020 atoms / em or more . Note that oxygen 
lator 402 , the oxide 406a , the oxide 406b , the oxide 4060 , released by heating is also referred to as excess oxygen . 
the conductor 416al , the conductor 416a2 , the insulator When the insulator 402 is formed in contact with the oxide 
412 , the conductor 404 , and the like . 406a , oxygen can be supplied to the oxide 406b effectively . 

The conductor 310 is provided in an opening formed in 5 Note that the temperature of the film surface in the TDS 
the insulator 301. The conductor 310a is formed in contact analysis is preferably higher than or equal to 100 ° C. and 
with an inner wall of the opening in the insulator 301 , and lower than or equal to 700 ° C. , or higher than or equal to 
the conductor 310b is formed on the inner side . Here , the top 100 ° C. and lower than or equal to 500 ° C. 
surfaces of the conductors 310a and 310b can have substan- Furthermore , the concentration of impurities such as 
tially the same level as the top surface of the insulator 301. 10 water , hydrogen , and nitrogen oxide in the insulator 402 is 
The conductor 310 functions as one gate electrode . preferably lowered . The amount of hydrogen released from 

Here , a conductive material that is relatively impermeable the insulator 402 that is converted into hydrogen molecules 
to impurities such as water and hydrogen is preferably used per area of the insulator 402 is less than or equal to 2x1015 
for the conductor 310a . For example , a single layer or a molecules / cm² , preferably less than or equal to 1x1015 
stacked layer of tantalum , tantalum nitride , ruthenium , 15 molecules / cm² , further preferably less than or equal to 
ruthenium oxide , or the like is preferably used . Accordingly , 5x1014 molecules / cm² in TDS analysis in a film - surface 
diffusion of impurities such as water and hydrogen from a temperature range of 50 ° C. to 500 ° C. , for example . 
layer under the insulator 401 into an upper layer through the The insulators 302 , 303 , and 402 serve as a gate insulating 
conductor 310 can be suppressed . Note that it is preferable film . In the transistor 400a , an insulating film in which the 
that the conductor 310a be relatively impermeable to at least 20 insulator 302 , the insulator 303 , and the insulator 402 are 
one of impurities such as a hydrogen atom , a hydrogen stacked is used as a gate insulating film . However , the 
molecule , a water molecule , an oxygen atom , an oxygen semiconductor device described in this embodiment is not 
molecule , a nitrogen atom , a nitrogen molecule , a nitrogen limited to this example , and it is also possible to use one or 
oxide molecule ( e.g. , N2O , NO , and NO2 ) , and a copper two of the insulator 302 , the insulator 303 , and the insulator 
atom . Furthermore , hereinafter , the same applies to the 25 402 as the gate insulating film . 
description of a conductive material that is relatively imper- The transistor described in this embodiment preferably 
meable to impurities . When the conductor 310a has a includes the oxides 406a , 406b , and 406c , which are 
function of inhibiting passage of oxygen , the conductivity of described below . 
the conductor 310b can be prevented from being lowered The oxide 406a is preferably positioned in contact with 
because of oxidation . 30 the top surface of the insulator 402. The oxide 406b is 

The insulator 401 can serve as a barrier insulating film for preferably positioned in contact with the top surface of the 
preventing impurities such as water and hydrogen from oxide 406a . 
entering the transistor from a lower layer . The insulator 401 The oxide 406b includes a first region , a second region , 
is preferably formed using an insulating material that is and a third region . In the top view , the third region is 
relatively impermeable to impurities such as water and 35 positioned between the first region and the second region . 
hydrogen , and for example , is preferably formed using The transistor 400a described in this embodiment includes 
aluminum oxide or the like . Accordingly , impurities such as the conductor 416al over and in contact with the first region 
water and hydrogen can be prevented from being diffused of the oxide 406b . In addition , the transistor 400a includes 
into layers over the insulator 401. Note that it is preferable the conductor 416a2 over and in contact with the second 
that the insulator 401 be relatively impermeable to at least 40 region of the oxide 406b . One of the first and second regions 
one of impurities such as a hydrogen atom , a hydrogen of the oxide 406b can function as a source region , and the 
molecule , a water molecule , a nitrogen atom , a nitrogen other can function as a drain region . The third region of the 
molecule , a nitrogen oxide molecule ( e.g. , N2O , NO , and oxide 406b can function as a channel formation region . 
NO2 ) , and a copper atom . Furthermore , hereinafter , the same The oxide 406c is preferably formed over the oxides 406a 
applies to the description of an insulating material that is 45 and 406b and the conductors 416a1 and 416a2 to be in 
relatively impermeable to impurities . contact with the third region of the oxide 406b . The oxide 

Moreover , the insulator 401 is preferably formed using an 406c may cover side surfaces of the oxide 406a and the 
insulating material that is relatively impermeable to oxygen oxide 406b . As illustrated in FIG . 8C , the side surfaces of the 
( e.g. , an oxygen atom or an oxygen molecule ) . With this oxides 406a and 406b in the channel width direction are 
material , oxygen contained in the insulator 402 or the like 50 preferably in contact with the oxide 406c . In addition , the 
can be prevented from being diffused to lower layers . Thus , conductor 404 functioning as the other gate electrode is 
oxygen can be supplied to the oxide 406b effectively . provided to cover the third region of the oxide 406b entirely 

The insulator 303 is preferably formed using an insulating with the insulator 412 functioning as a gate insulating film 
material that is relatively impermeable to oxygen and impu- provided therebetween . 
rities such as water and hydrogen , and is preferably formed 55 The oxide 406c may be provided to cover the oxide 406a 
using aluminum oxide , hafnium oxide , or the like . Accord- and the oxide 406b entirely . For example , side surfaces of 
ingly , diffusion of impurities such as water and hydrogen the oxides 406a and 406b in the channel length direction 
from a layer under the insulator 303 into a layer over the may be in contact with the oxide 406c . 
insulator 303 can be suppressed . Furthermore , oxygen con- Note that the oxide used for the transistor has the above 
tained in the insulator 402 or the like can be prevented from 60 described three - layer structure in this embodiment ; how 
being diffused to lower layers . ever , one embodiment of the present invention is not limited 

The insulator 402 is preferably formed using an insulator thereto . For example , a two - layer structure without the oxide 
from which oxygen is released by heating . Specifically , it is 406a or the oxide 406c may be employed . Alternatively , a 
preferable to use an insulator with the following character- four - layer structure in which any one of semiconductors , 
istics : the amount of oxygen that is released from the 65 which are described below , is provided under or over the 
insulator in thermal desorption spectroscopy ( TDS ) and oxide 406a or under or over the oxide 406c may be 
converted into oxygen atoms is 1.0x1018 atoms / cm or more , employed . Alternatively , an n - layer structure ( n is an integer 
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of 5 or more ) may be employed in which any one of the between the conductor 404 and the conductor 416a2 , the 
semiconductors described in this embodiment as examples parasitic capacitance between the conductor 404 and the 
of the oxides 406a , 406b , and 406c is provided in two or conductor 416a2 can be small . Thus , the transistor described 
more of the following positions : over the oxide 406a , under in this embodiment has excellent frequency characteristics . 
the oxide 406a , over the oxide 406c , and under the oxide 5 Note that the barrier films 417al and 417a2 are not neces 
406c . sarily formed . 

The conductors 416al and 416a2 are preferably provided The insulator 412 can function as a gate insulating film 
to be separate from each other and in contact with the top and is preferably in contact with the top surface of the oxide 
surface of the oxide 406b . Here , the conductor 416al can 406c . Like the insulator 402 , the insulator 412 is preferably 
function as one of source and drain electrodes , and the 10 formed using an insulator from which oxygen is released by 
conductor 416a2 can function as the other . heating . When the insulator 412 formed using the insulator 
As illustrated in FIGS . 8A and 8B , one side end portion is formed in contact with the top surface of the oxide 406c , 

of the conductor 416al is preferably substantially aligned oxygen can be supplied to the oxide 406b effectively . 
with one side end portion of the oxide 406a and one side end Furthermore , the concentration of impurities such as water 
portion of the oxide 406b . Similarly , one side end portion of 15 and hydrogen in the insulator 412 is preferably lowered as 
the conductor 416a2 is preferably substantially aligned with in the insulator 402 . 
the other side end portion of the oxide 406a and the other The conductor 404 preferably has a stack of the conductor 
side end portion of the oxide 406b . With such a structure , the 404a , the conductor 404b , and the conductor 404c . The 
side surfaces of the oxides 406a and 406b are not in contact conductor 404a is provided over the insulator 412 , the 
with the conductors 416al and 416a2 . This can prevent 20 conductor 404b is provided over the conductor 404a , and the 
formation of oxygen vacancies in the side surfaces of the conductor 404c is provided over the conductor 404b . The 
oxides 406a and 406b due to extraction of oxygen from the insulator 412 and the conductor 404 include regions over 
side surfaces of the oxides 406a and 406b to the conductors lapping with the oxide 406b . Side surfaces of the conductors 
416al and 416a2 . In addition , the impurities due to the 404a to 404c are substantially aligned . Here , the conductor 
conductors 416a1 and 416a2 can be prevented from entering 25 404 functions as the other gate electrode . The width of the 
from the side surfaces of the oxides 406a and 406b . conductor 404 functioning as the other gate electrode in the 

Here , the distance between the side end portion of the channel length direction is greater than or equal to 10 nm 
conductor 416al and the side end portion of the conductor and less than or equal to 300 nm , preferably greater than or 
416a2 that face each other , that is , the channel length of the equal to 20 nm and less than or equal to 180 nm . 
transistor is greater than or equal to 10 nm and less than or 30 One of the conductors 310 and 404 can function as a gate 
equal to 300 nm , typically , greater than or equal to 20 nm electrode , and the other can function as a back gate elec 
and less than or equal to 180 nm . trode . The gate electrode and the back gate electrode are 

The angle formed between the side surface and the bottom provided with the channel formation region in the semicon 
surface of the conductor 416al and the angle formed ductor positioned therebetween . The potential of the back 
between the side surface and the bottom surface of the 35 gate electrode may be the same as that of the gate electrode 
conductor 416a2 are each preferably less than 90 ° , which is or may be a ground potential or a predetermined potential . 
a taper angle . Each of the angles is further preferably greater By changing a potential of the back gate electrode indepen 
than or equal to 45 ° and less than or equal to 75 ° or less . dently of the potential of the gate electrode , the threshold 
Here , the side surface of the conductor 416al faces the side voltage of the transistor can be changed . 
surface of the conductor 416a2 . When the conductors 416al 40 The conductor 404a is preferably a metal oxide having 
and 416a2 are formed to have such a structure , the oxide conductivity . For example , the metal oxide that can be used 
406c can be formed with good coverage also in step portions as the oxide 406a , 406b , or 406c can be used . In particular , 
formed by the conductors 416al and 416a2 . Accordingly , of In - Ga Zn oxides , a metal oxide with an atomic ratio of 
for example , disconnection or the like of the oxide 406c , In : Ga : Zn = 4 : 2 : 3 to 4 : 2 : 4.1 or in the neighborhood thereof , 
which causes the oxide 406b to be in contact with the 45 which has high conductivity , is preferably used . When the 
insulator 412 , can be prevented . conductor 404a is provided , the passage of oxygen to the 
A barrier film 417al is preferably provided in contact conductors 4046 and 404c can be inhibited . Thus , an 

with the top surface of the conductor 416a1 , and a barrier increase in electric resistance value of the conductors 404 
film 417a2 is preferably provided in contact with the top and 404c due to oxidation of the conductors 4046 and 4040 
surface of the conductor 416a2 . The barrier films 417al and 50 can be prevented . Moreover , excess oxygen can be supplied 
417a2 each have a function of inhibiting the passage of to the oxide 406b . 
impurities such as water and hydrogen . The conductor 404b is preferably a conductor that can add 
Aluminum oxide or the like can be used for the barrier impurities such as nitrogen to the conductor 404a to improve 

films 417al and 417a2 , for example . The barrier films 417a1 the conductivity of the conductor 404a . For example , tita 
and 417a2 can prevent surrounding excess oxygen from 55 nium nitride or the like is preferably used for the conductor 
being used for oxidation of the conductors 416al and 416a2 . 404b . 
In addition , an increase in electric resistance value of the The conductor 404c can be formed using a metal with low 
conductors 416al and 416a2 due to oxidation of the con- resistance such as tungsten , for example . 
ductors 416al and 416a2 can be prevented . Note that the Here , the conductor 404 functioning as a gate electrode is 
electric resistance values of the conductors can be measured 60 provided to cover the top surface of the third region and its 
by a two - terminal method or the like . periphery and the side surface , which is in the channel width 

Moreover , since the barrier film 417al as well as the direction , of the oxide 406b with the insulator 412 and the 
insulator 412 and the oxide 406c is positioned between the oxide 406c provided therebetween . Thus , the electric field of 
conductor 404 and the conductor 416al , the parasitic the conductor 404 functioning as a gate electrode can 
capacitance between the conductor 404 and the conductor 65 electrically surround the top surface of the third region and 
416al can be small . Similarly , since the barrier film 417a2 its periphery and the side surface , which is in the channel 
as well as the insulator 412 and the oxide 406c is positioned width direction , of the oxide 406b . The structure of the 
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transistor in which the channel formation region is electri- material such as hafnium silicate ( HfSi , O , ( x > 0 , y > 0 ) ) , 
cally surrounded by the electric field of the conductor 404 is hafnium silicate to which nitrogen is added ( HfSi O , N , 
referred to as a surrounded channel ( s - channel ) structure . ( x > 0 , y > 0 , z > 0 ) ) , hafnium aluminate to which nitrogen is 
Thus , a channel can be formed in the top surface of the third added ( HfAlOQN , ( x > 0 , y > 0 , z > 0 ) ) , hafnium oxide , or 
region and its periphery and the side surface , which is in the 5 yttrium oxide . In the case where a high - k material is used for 
channel width direction , of the oxide 406b ; therefore , a large the insulator 83 , the capacitance can be increased by heat 
amount of current can flow between the source and the drain , treatment in some cases . The use of such a high - k material 
and a current in an on state ( on - state current ) can be enables sufficient capacitance of the capacitor 80a to be increased . Moreover , since the top surface of the third region 
and its periphery and the side surface , which is in the 10 insulator 83 having a large thickness can reduce leakage ensured even if the insulator 83 has a large thickness . The 
channel width direction , of the oxide 406b are surrounded by 
the electric field of the conductor 404 , a current in an off current generated between the conductor 82 and the con 

ductor 84. The insulator 83 can be formed by a sputtering state ( off - state current ) can be reduced . 
A barrier film 418 is preferably provided over the con method , a CVD method , an MBE method , a PLD method , an 

ductor 404. Here , for the barrier film 418 , a material that is 15 ALD method , or the like . 
relatively impermeable to oxygen is preferably used , and The insulator 81 and the insulator 85 may each be formed 
aluminum oxide or the like can be used . Accordingly , to have , for example , a single - layer structure or a stacked 
surrounding excess oxygen can be prevented from being layer structure including an insulator containing boron , 
used for oxidation of the conductor 404. Thus , the barrier carbon , nitrogen , oxygen , fluorine , magnesium , aluminum , 
film 418 functions as a gate cap for protecting a gate . Note 20 silicon , phosphorus , chlorine , argon , gallium , germanium , 
that the barrier film 418 is not necessarily formed . yttrium , zirconium , lanthanum , neodymium , hafnium , or 
< Structure Example of Capacitor > tantalum . For the insulator 81 and the insulator 85 , alumi 

Structure examples of a capacitor provided in a semicon- num oxide , magnesium oxide , silicon oxide , silicon oxyni 
ductor device in this embodiment are described with refer- tride , silicon nitride oxide , silicon nitride , gallium oxide , 
ence to FIGS . 9A to 9D . 25 germanium oxide , yttrium oxide , zirconium oxide , lantha 
FIG . 9A is a cross - sectional view of a capacitor 80a num oxide , neodymium oxide , hafnium oxide , or tantalum 

included in the semiconductor device in this embodiment . oxide is used . The insulator 81 and the insulator 85 can be 
The capacitor 80a includes a conductor 82 , an insulator 83 , formed by a sputtering method , a CVD method , an MBE 
and a conductor 84. As illustrated in FIG.9A , the conductor method , a PLD method , an ALD method , or the like . The 
82 is provided over an insulator 81 , the insulator 83 is 30 insulator 85 may be formed using an organosilane gas ( e.g. , 
provided to cover the conductor 82 , the conductor 84 is tetra - ethyl - ortho - silicate ( TEOS ) ) . 
provided to cover the insulator 83 , and an insulator 85 is A capacitor 80b illustrated in FIG.9B is different from the 
provided over the conductor 84 . capacitor 80a illustrated in FIG . 9A in that the conductor 84 

Here , it is preferable that the insulator 83 be in contact overlaps the top surface of the conductor 82. Note that 
with a side surface of the conductor 82 , and that the 35 although the side surface of the conductor 84 is substantially 
conductor 84 be in contact with a side surface of a projecting aligned with the side surface of the conductor 82 in FIG . 9B , 
portion of the insulator 83. Accordingly , not only the top the capacitor 80b is not limited thereto . 
surface of the conductor 82 but also the side surface of the A capacitor 80c illustrated in FIG.9C is different from the 
conductor 82 can function as a capacitor , resulting in an capacitor 80a illustrated in FIG . 9A in that an insulator 86 
increased capacitance value . 40 with an opening is provided over the insulator 81 , and that 

The conductor 82 functions as one electrode of the the conductor 82 is provided in the opening . Here , a space 
capacitor 80a , the conductor 84 functions as the other formed by the opening in the insulator 86 and the top surface 
electrode of the capacitor 80a , and the insulator 83 functions of the insulator 81 can be regarded as a groove portion , and 
as a dielectric of the capacitor 80a . the conductor 82 is preferably provided along the groove 

The conductor 82 and the conductor 84 may each be 45 portion . Furthermore , as illustrated in FIG . 9C , the insulator 
formed to have a single - layer structure or a stacked - layer 86 and the conductor 82 may be formed so that their top 
structure including a conductor containing , for example , one surfaces are substantially aligned with each other . 
or more kinds of boron , nitrogen , oxygen , fluorine , silicon , The insulator 83 is provided over the conductor 82 , and 
phosphorus , aluminum , titanium , chromium , manganese , the conductor 84 is provided over the insulator 83. Here , in 
cobalt , nickel , copper , zinc , gallium , yttrium , zirconium , 50 the groove portion , the conductor 84 has a region which 
molybdenum , ruthenium , silver , indium , tin , tantalum , and overlaps the conductor 82 with the insulator 83 provided 
tungsten . An alloy or a compound containing the above therebetween . In addition , the insulator 83 is preferably 
element may be used , for example , and a conductor con- provided to cover the top surface of the conductor 82. When 
taining aluminum , a conductor containing copper and tita- the insulator 83 is provided as described above , leakage 
nium , a conductor containing copper and manganese , a 55 current can be prevented from flowing between the conduc 
conductor containing indium , tin , and oxygen , a conductor tor 82 and the conductor 84. In addition , the side surface of 
containing titanium and nitrogen , or the like may be used . the insulator 83 may be substantially aligned with the side 
The conductor 82 and the conductor 84 can be formed by a surface of the conductor 84. In this manner , the capacitor 80c 
sputtering method , a CVD method , an MBE method , a PLD preferably has a concave shape , a cylinder shape , or the like . 
method , an ALD method , or the like . 60 Note that in the capacitor 80c , the shapes of the top surfaces 
As the insulator 83 , an insulator containing one or more of the conductor 82 , the insulator 83 , and the conductor 84 

of aluminum oxide , aluminum oxynitride , magnesium may each be a polygonal shape other than the quadrangular 
oxide , silicon oxide , silicon oxynitride , silicon nitride oxide , shape or a circular shape including an elliptical shape . 
silicon nitride , gallium oxide , germanium oxide , yttrium A capacitor 80d illustrated in FIG . 9D is different from the 
oxide , zirconium oxide , lanthanum oxide , neodymium 65 capacitor 80a illustrated in FIG . 9A in that a projecting 
oxide , hafnium oxide , tantalum oxide , and the like can be conductor 82b is in contact with the top surface of a 
used , for example . It is particularly preferable to use a high - k conductor 82a . The capacitor 80d is provided over the 
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insulator 81 and includes the conductor 82 ( the conductor example , a material whose coefficient of linear expansion is 
82a and the conductor 82b ) , the insulator 83 , and the lower than or equal to 1x10-3 / K , lower than or equal to 
conductor 84 . 5x10-5 / K , or lower than or equal to 1x10 - S / K . Examples of 

Note that when the conductor 82 , which functions as one the resin include polyester , polyolefin , polyamide ( e.g. , 
electrode of the capacitor 80d , includes a projecting struc- 5 nylon or aramid ) , polyimide , polycarbonate , and acrylic . In 
ture body like the conductor 82b , the capacitance of the particular , aramid is preferably used for the flexible substrate 
capacitor per projected area can be increased . Thus , the 210 because of its low coefficient of linear expansion . 
semiconductor device can be reduced in area , highly inte- < Insulator > 
grated , and miniaturized . Examples of an insulator include an insulating oxide , an 
< Substrate > 10 insulating nitride , an insulating oxynitride , an insulating 
As the substrate 210 , for example , an insulator substrate , nitride oxide , an insulating metal oxide , an insulating metal 

a semiconductor substrate , or a conductor substrate is used . oxynitride , and an insulating metal nitride oxide . 
As the insulator substrate , a glass substrate , a quartz sub- The transistor is surrounded by an insulator that has a 
strate , a sapphire substrate , a stabilized zirconia substrate function of inhibiting passage of oxygen and impurities such 
( e.g. , an yttria - stabilized zirconia substrate ) , or a resin 15 as hydrogen , whereby stable electrical characteristics of the 
substrate is used , for example . As the semiconductor sub- transistor can be obtained . For example , the insulator having 
strate , a semiconductor substrate of silicon , germanium , or a function of inhibiting passage of oxygen and impurities 
the like , or a compound semiconductor substrate of silicon such as hydrogen is used as the insulator 401. Furthermore , 
carbide , silicon germanium , gallium arsenide , indium phos- the insulator having a function of inhibiting passage of 
phide , zinc oxide , or gallium oxide can be used , for example . 20 oxygen and impurities such as hydrogen may be used as the 
A semiconductor substrate in which an insulator region is insulator 303. The insulators 401 and 303 are each prefer 
provided in the above semiconductor substrate , e.g. , a sili- ably formed using an insulating material that is relatively 
con on insulator ( SOI ) substrate or the like is used . As the impermeable to impurities such as water and hydrogen than 
conductor substrate , a graphite substrate , a metal substrate , the insulator 402 and the like . 
an alloy substrate , a conductive resin substrate , or the like is 25 The insulator having a function of inhibiting passage of 
used . A substrate including a metal nitride , a substrate oxygen and impurities such as hydrogen may have a single 
including a metal oxide , or the like is used . An insulator layer structure or a stacked - layer structure including , for 
substrate provided with a conductor or a semiconductor , a example , a metal oxide such as aluminum oxide , aluminum 
semiconductor substrate provided with a conductor or an oxynitride , magnesium oxide , gallium oxide , germanium 
insulator , a conductor substrate provided with a semicon- 30 oxide , yttrium oxide , zirconium oxide , lanthanum oxide , 
ductor or an insulator , or the like is used . Alternatively , any neodymium oxide , hafnium oxide , or tantalum oxide , silicon 
of these substrates over which an element is provided may nitride oxide , silicon nitride , aluminum nitride , or the like . 
be used . As the element provided over the rate , a When the insulator 401 includes aluminum oxide , entry of 
capacitor , a resistor , a switching element , a light - emitting impurities such as hydrogen into the oxides 406a , 406b , and 
element , a memory element , or the like is used . 35 406c can be suppressed . Furthermore , for example , when the 

Further alternatively , a flexible substrate may be used as insulator 401 , includes aluminum oxide , outward diffusion 
the substrate 210. As a method for providing a transistor of the above - described excess oxygen added to the oxides 
over a flexible substrate , there is a method in which the 406a to 406C can be suppressed . 
transistor is formed over a non - flexible substrate and then The insulators 301 , 302 , 402 , and 412 are each formed to 
the transistor is separated and transferred to the substrate 40 have , for example , a single - layer structure or a stacked - layer 
210 which is a flexible substrate . In that case , a separation structure including an insulator containing boron , carbon , 
layer is preferably provided between the non - flexible sub- nitrogen , oxygen , fluorine , magnesium , aluminum , silicon , 
strate and the transistor . As the substrate 210 , a sheet , a film , phosphorus , argon , gallium , germanium , yttrium , zirconium , 
or a foil containing a fiber may be used , for example . The lanthanum , neodymium , hafnium , or tantalum . For example , 
substrate 210 may have elasticity . The substrate 210 may 45 the insulators 301 , 302 , 402 , and 412 preferably contain 
have a property of returning to its original shape when silicon oxide or silicon oxynitride . 
bending or pulling is stopped . Alternatively , the substrate Since the insulators 302 , 303 , 402 , and 412 function as 
210 may have a property of not returning to its original gate insulating films , each of the insulators 302 , 303 , 402 , 
shape . The substrate 210 has a region with a thickness of , for and 412 preferably includes an insulator with a high relative 
example , greater than or equal to 5 um and less than or equal 50 dielectric constant . For example , it is preferable that the 
to 700 um , preferably greater than or equal to 10 um and less insulators 302 , 303 , 402 , and 412 contain gallium oxide , 
than or equal to 500 um , further preferably greater than or hafnium oxide , an oxide containing aluminum and hafnium , 
equal to 15 um and less than or equal to 300 um . When the an oxynitride containing aluminum and hafnium , an oxide 
substrate 210 has a small thickness , the weight of the containing silicon and hafnium , an oxynitride containing 
semiconductor device including the transistor can be 55 silicon and hafnium , or the like . Alternatively , the insulators 
reduced . When the substrate 210 has a small thickness , even 302 , 303 , 402 , and 412 each preferably have a layered 
in the case of using glass or the like , the substrate 210 may structure of silicon oxide or silicon oxynitride and an 
have elasticity or a property of returning to its original shape insulator with a high relative dielectric constant . Because 
when bending or pulling is stopped . Therefore , an impact silicon oxide and silicon oxynitride have thermal stability , 
applied to the semiconductor device over the substrate 210 , 60 combination of silicon oxide or silicon oxynitride with an 
which is caused by dropping or the like , can be reduced . That insulator with a high relative dielectric constant allows the 
is , a durable semiconductor device can be provided . stacked - layer structure to be thermally stable and have a 

For the flexible substrate 210 , a metal , an alloy , a resin , high relative dielectric constant . For example , when alumi 
glass , or fiber thereof can be used , for example . The flexible num oxide , gallium oxide , or hafnium oxide is positioned on 
substrate 210 preferably has a lower coefficient of linear 65 the oxide 406c side , entry of silicon included in the silicon 
expansion because deformation due to an environment is oxide or the silicon oxynitride into the oxide 406b can be 
suppressed . The flexible substrate 210 is formed using , for inhibited . When silicon oxide or silicon oxynitride is posi 
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tioned on the oxide 406c side , for example , trap centers natively , a stacked - layer structure formed using a combina 
might be formed at the interface between aluminum oxide , tion of a material including any of the metal elements listed 
gallium oxide , or hafnium oxide and silicon oxide or silicon above and a conductive material including nitrogen may be 
oxynitride . The trap centers can shift the threshold voltage of used . Alternatively , a stacked - layer structure formed using a 
the transistor in the positive direction by trapping electrons 5 combination of a material including any of the metal ele 
in some cases . ments listed above , a conductive material including oxygen , The insulator 410 preferably includes an insulator with a and a conductive material including nitrogen may be used . low relative dielectric constant . For example , the insulator When an oxide semiconductor is used for the channel 410 preferably includes silicon oxide , silicon oxynitride , 
silicon nitride oxide , silicon nitride , silicon oxide to which 10 formed using a combination of a material containing the formation region of the transistor , a stacked - layer structure 
fluorine is added , silicon oxide to which carbon is added , 
silicon oxide to which carbon and nitrogen are added , porous above - described metal element and a conductive material 

silicon oxide , a resin , or the like . Alternatively , the insulator containing oxygen is preferably used for the gate electrode . 
410 preferably has a stacked - layer structure of a resin and In this case , the conductive material containing oxygen is 
silicon oxide , silicon oxynitride , silicon nitride oxide , silicon 15 preferably provided on the channel formation region side . 
nitride , silicon oxide to which fluorine is added , silicon The conductive material containing oxygen is provided on 
oxide to which carbon is added , silicon oxide to which the channel formation region side , whereby oxygen released 
carbon and nitrogen are added , or porous silicon oxide . from the conductive material is easily supplied to the 
When silicon oxide or silicon oxynitride , which is thermally channel formation region . 
stable , is combined with resin , the stacked - layer structure 20 For example , for the conductor 310b , a conductive mate 
can have thermal stability and a low relative dielectric rial such as tungsten or polysilicon is used . The conductor 
constant . Examples of the resin include polyester , poly- 310a in contact with the insulator 401 can have a single 
olefin , polyamide ( e.g. , nylon or aramid ) , polyimide , poly- layer structure or stacked - layer structure including , for 
carbonate , and acrylic . example , a barrier layer ( a diffusion prevention layer ) 

For the barrier film 417 ( the barrier films 417al and 25 formed using titanium , titanium nitride , tantalum nitride , or 
417a2 ) , an insulator having a function of inhibiting passage the like . 
of oxygen and impurities such as hydrogen may be used . The When an insulating material that is relatively imperme barrier films 417al and 417a2 can prevent excess oxygen in able to impurities is used for the insulator 401 , and a the oxide 406c and the insulator 412 from being diffused to conductive material that is relatively impermeable to impu 
the conductors 416al and 416a2 . rities is used for the conductor 310a in contact with the The barrier film 417 is formed using , for example , a metal 
oxide such as aluminum oxide , magnesium oxide , gallium insulator 401 , diffusion of impurities to the transistor can be 
oxide , germanium oxide , yttrium oxi zirconium oxide , further suppressed . Thus , the reliability of the transistor can 

be further increased . lanthanum oxide , neodymium oxide , hafnium oxide , or 
tantalum oxide , silicon nitride oxide , or silicon nitride . For the barrier films 417a1 , 417a2 , and 418 , the conduc 
< Conductor > tive material that is relatively impermeable to impurities 

For the conductors 404 , 310 , 416al , and 416a2 , a material may be used . When a conductive material is used for the 
containing one or more metal elements selected from alu- barrier films 417a1 , 417a2 , and 418 , a conductive material 
minum , chromium , copper , silver , gold , platinum , tantalum , from which oxygen is less likely to be released or on which 
nickel , titanium , molybdenum , tungsten , hafnium , vana- 40 oxygen is less likely to be absorbed is preferably used . 
dium , niobium , manganese , magnesium , zirconium , beryl- < Metal Oxide > 
lium , indium , ruthenium , and the like can be used . Alterna- The oxide 406 is preferably formed using a metal oxide 
tively , a semiconductor having a high electric conductivity functioning as an oxide semiconductor ( hereinafter , the 
typified by polycrystalline silicon including an impurity metal oxide is also referred to as an oxide semiconductor ) . 
element such as phosphorus , or silicide such as nickel 45 A metal oxide that can be used as the oxide 406 of the 
silicide may be used . present invention is described below . 

Alternatively , a conductive material containing oxygen An oxide semiconductor preferably contains at least 
and a metal element included in a metal oxide that can be indium or zinc . It is particularly preferable that indium and 
used for the oxide 406 ( the oxides 406a , 406b , and 4060 ) zinc be contained . In addition , aluminum , gallium , yttrium , 
may be used . A conductive material containing the above 50 tin , or the like is preferably contained . Furthermore , one or 
metal element and nitrogen may be used . For example , a more kinds of elements selected from boron , silicon , tita 
conductive material containing nitrogen , such as titanium nium , iron , nickel , germanium , zirconium , molybdenum , 
nitride or tantalum nitride , may be used . Indium tin oxide lanthanum , cerium , neodymium , hafnium , tantalum , tung 
( ITO ) , indium oxide containing tungsten oxide , indium zinc sten , magnesium , and the like may be contained . 
oxide containing tungsten oxide , indium oxide containing 55 Here , the case where the oxide semiconductor is an 
titanium oxide , indium tin oxide containing titanium oxide , In - M - Zn oxide containing indium , an element M , and zinc 
indium zinc oxide , or indium tin oxide to which silicon is is considered . The element Mis aluminum , gallium , yttrium , 
added may be used . Indium gallium zinc oxide containing tin , or the like . Other elements that can be used as the 
nitrogen may be used . With any of such materials , hydrogen element M include boron , silicon , titanium , iron , nickel , 
included in the oxides 406a , 406b , and 406c can be captured 60 germanium , zirconium , molybdenum , lanthanum , cerium , 
in some cases . Alternatively , hydrogen entering from an neodymium , hafnium , tantalum , tungsten , and magnesium . 
external insulator or the like can be captured in some cases . Note that two or more of the above elements may be used in 
A stack of a plurality of conductive layers formed using combination as the element M. 

the above materials may be used . For example , a stacked- Note that in this specification and the like , a metal oxide 
layer structure formed using a combination of a material 65 containing nitrogen is also called a metal oxide in some 
including any of the metal elements listed above and a cases . Moreover , a metal oxide containing nitrogen may be 
conductive material including oxygen may be used . Alter- called a metal oxynitride . 

35 



10 

15 

US 10,971,528 B2 
27 28 

[ Composition of Metal Oxide ) The CAAC - OS has c - axis alignment , its nanocrystals are 
Described below is the composition of a cloud - aligned connected in the a - b plane direction , and its crystal structure 

composite oxide semiconductor ( CAC - OS ) that can be used has distortion . Note that the distortion is a portion where the 
in a transistor disclosed in one embodiment of the present direction of a lattice arrangement changes between a region 
invention . 5 with a regular lattice arrangement and another region with a 

In this specification and the like , “ c - axis aligned crystal regular lattice arrangement in a region in which nanocrystals 
( CAAC ) ” or “ cloud - aligned composite ( CAC ) ” might be are connected . 
stated . CAAC refers to an example of a crystal structure , and The shape of the nanocrystal is basically hexagon . How 
CAC refers to an example of a function or a material ever , the shape is not always a regular hexagon and is a 
composition . non - regular hexagon in some cases . A pentagonal lattice 
A CAC - OS or a CAC metal oxide has a conducting arrangement , a heptagonal lattice arrangement , and the like 

function in a part of the material and has an insulating are included in the distortion in some cases . Note that a clear 
function in another part of the material ; as a whole , the crystal grain boundary cannot be observed even in the 
CAC - OS or the CAC metal oxide has a function of a vicinity of distortion in the CAAC - OS . That is , formation of 
semiconductor . In the case where the CAC - OS or the CAC a grain boundary is inhibited due to the distortion of lattice 
metal oxide is used in an active layer of a transistor , the arrangement . This is probably because the CAAC - OS can 
conducting function is to allow electrons ( or holes ) serving tolerate distortion owing to a low density of arrangement of 
as carriers to flow , and the insulating function is to not allow oxygen atoms in the ab plane direction , an interatomic bond 
electrons serving as carriers to flow . By the complementary 20 distance changed by substitution of a metal element , and the 
action of the conducting function and the insulating func- like . 
tion , the CAC - OS or the CAC metal oxide can have a The CAAC - OS tends to have a layered crystal structure 
switching function ( on / off function ) . In the CAC - OS or the ( also referred to as a stacked - layer structure ) in which a layer 
CAC - metal oxide , separation of the functions can maximize containing indium and oxygen ( hereinafter , In layer ) and a 
each function . 25 layer containing the element M , zinc , and oxygen ( herein 

The CAC - OS or the CAC metal oxide includes conduc- after , ( M , Zn ) layer ) are stacked . Note that indium and the 
tive regions and insulating regions . The conductive regions element M can be replaced with each other , and when the 
have the above - described conducting function , and the insu- elements M of the ( M , Zn ) layer are partly replaced with 
lating regions have the above - described insulating function . indium , the layer can also be referred to as an ( In , M , Zn ) 
In some cases , the conductive regions and the insulating 30 layer . Also , when indium in the In layer is partly replaced 
regions in the material are separated at the nanoparticle with the element M , the layer can be referred to as an ( In , M ) 
level . In some cases , the conductive regions and the insu- layer . 
lating regions are unevenly distributed in the material . The The CAAC - OS is an oxide semiconductor with high 
conductive regions are observed to be coupled in a cloud- crystallinity . In contrast , in the CAAC - OS , a reduction in 
like manner with their boundaries blurred , in some cases . 35 electron mobility due to the grain boundary is less likely to 

Furthermore , in the CAC - OS or the CAC metal oxide , the occur because a clear grain boundary cannot be observed . 
conductive regions and the insulating regions each have a Entry of impurities , formation of defects , or the like might 
size of more than or equal to 0.5 nm and less than or equal decrease the crystallinity of an oxide semiconductor . This 
to 10 nm , preferably more than or equal to 0.5 nm and less means that the CAAC - OS has small amounts of impurities 
than or equal to 3 nm and are dispersed in the material , in 40 and defects ( e.g. , oxygen vacancies ) . Thus , an oxide semi 

conductor including a CAAC - OS is physically stable . 
The CAC - OS or the CAC metal oxide includes compo- Therefore , the oxide semiconductor including a CAAC - OS 

nents having different bandgaps . For example , the CAC - OS is resistant to heat and has high reliability . 
or the CAC metal oxide includes a component having a wide In the nc - OS , a microscopic region ( for example , a region 
gap due to the insulating region and a component having a 45 with a size greater than or equal to 1 nm and less than or 
narrow gap due to the conductive region . In the case of such equal to 10 nm , in particular , a region with a size greater than 
a composition , carriers mainly flow in the component having or equal to 1 nm and less than or equal to 3 nm ) has a 
a narrow gap . The component having a narrow gap comple- periodic atomic arrangement . There is no regularity of 
ments the component having a wide gap , and carriers also crystal orientation between different nanocrystals in the 
flow in the component having a wide gap in conjunction 50 nc - OS . Thus , the orientation of the whole film is not 
with the component having a narrow gap . Therefore , in the observed . Accordingly , the nc - OS cannot be distinguished 
case where the above - described CAC - OS or CAC metal from an a - like OS or an amorphous oxide semiconductor , 
oxide is used in a channel formation region of a transistor , depending on an analysis method . 
high current drive capability in the on state of the transistor , An a - like OS has a structure between those of the nc - OS 
that is , a high on - state current and high field - effect mobility , 55 and the amorphous oxide semiconductor . The a - like OS has 
can be obtained . a void or a low - density region . That is , the a - like OS has low 

In other words , the CAC - OS or the CAC - metal oxide can crystallinity as compared with the nc - OS and the CAAC 
be called a matrix composite or a metal matrix composite . OS . 
[ Structure of Metal Oxide ] An oxide semiconductor can have various structures 
An oxide semiconductor is classified into a single crystal 60 which show various different properties . Two or more of the 

oxide semiconductor and a non - single - crystal oxide semi- amorphous oxide semiconductor , the polycrystalline oxide 
conductor . Examples of a non - single - crystal oxide semicon- semiconductor , the a - like OS , the nc - OS , and the CAAC - OS 
ductor include a c - axis aligned crystalline oxide semicon- may be included in an oxide semiconductor of one embodi 
ductor ( CAAC - OS ) , a polycrystalline oxide semiconductor , ment of the present invention . 
a nanocrystalline oxide semiconductor ( nc - OS ) , an amor- 65 [ Transistor Including Oxide Semiconductor ] 
phous - like oxide semiconductor ( a - like OS ) , and an amor- Next , the case where the oxide semiconductor is used for 
phous oxide semiconductor . a transistor is described . 

some cases . 
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Note that when the oxide semiconductor is used for a Hydrogen contained in an oxide semiconductor reacts 
transistor , the transistor can have high field - effect mobility . with oxygen bonded to a metal atom to be water , and thus 
In addition , the transistor can have high reliability . causes an oxygen vacancy , in some cases . Entry of hydrogen 
An oxide semiconductor with low carrier density is pref- into the oxygen vacancy generates an electron serving as a 

erably used for the transistor . In order to reduce the carrier 5 carrier in some cases . Furthermore , in some cases , bonding 
density of the oxide semiconductor film , the impurity con of part of hydrogen to oxygen bonded to a metal atom causes 
centration in the oxide semiconductor film is reduced so that generation of an electron serving as a carrier . Thus , a the density of defect states can be reduced . In this specifi transistor including an oxide semiconductor which contains cation and the like , a state with a low impurity concentration hydrogen is likely to be normally on . Accordingly , it is and a low density of defect states is referred to as a highly 10 preferable that hydrogen in the oxide semiconductor be purified intrinsic or substantially highly purified intrinsic reduced as much as possible . Specifically , the hydrogen state . For example , an oxide semiconductor whose carrier 
density is lower than 8x1011 / cm " , preferably lower than concentration measured by SIMS is set lower than 1x1020 
1x1011 / cm " , further preferably lower than 1x1010 / cm " , and atoms / cm " , preferably lower than 1x1019 atoms / cm " , further 
higher than or equal to 1x10- / cm² is used . preferably lower than 5x1018 atoms / cm " , and still further 
A highly purified intrinsic or substantially highly purified preferably lower than 1x1018 atoms / cm3 . 

intrinsic oxide semiconductor film has a low density of When an oxide semiconductor with sufficiently reduced 
defect states and accordingly has a low density of trap states impurity concentration is used for a channel formation 
in some cases . region in a transistor , the transistor can have stable electrical 

Charges trapped by the trap states in the oxide semicon- 20 characteristics . 
ductor take a long time to be released and may behave like < Modification Example of Transistor > 
fixed charges . Thus , a transistor whose channel formation The structure of the transistor in this embodiment is not 
region is formed in an oxide semiconductor having a high limited to the structure in FIGS . 8A to 8C . A modification 
density of trap states has unstable electrical characteristics in example of the transistor in this embodiment is described 

25 below with reference to FIGS . 10A to 10C . For the com 
To obtain stable electrical characteristics of the transistor , ponents that are denoted by the same reference numerals as 

it is effective to reduce the concentration of impurities in the those of the transistor 400a in the following description , the 
oxide semiconductor . In order to reduce the concentration of corresponding description of the transistor 400a can be 
impurities in the oxide semiconductor , the concentration of referred to . 
impurities in a film which is adjacent to the oxide semicon- 30 A transistor 400c illustrated in FIGS . 10A to 10C is 
ductor is preferably reduced . described . The transistor 400c includes the insulator 401 and 
As examples of the impurities , hydrogen , nitrogen , alkali the insulator 301 over a substrate ( not illustrated ) ; the 

metal , alkaline earth metal , iron , nickel , silicon , and the like conductor 310 embedded in the insulator 301 ; the insulator 
are given . 302 over the insulator 301 and the conductor 310 ; the 
[ Impurity ] 35 insulator 303 over the insulator 302 ; the insulator 402 over 

Here , the influence of impurities in the oxide semicon- the insulator 303 ; the oxide 406a over the insulator 402 ; the 
ductor is described . oxide 406b in contact with at least part of the top surface of 
When silicon or carbon that is one of Group 14 elements the oxide 406a ; the oxide 406c over the oxide 406b ; the 

is contained in the oxide semiconductor , defect states are insulator 412 over the oxide 406c ; the conductor 404 over 
formed . Thus , the concentration of silicon or carbon in the 40 the insulator 412 ; an insulator 419a over the conductor 404 ; 
oxide semiconductor and around an interface with the oxide an insulator 419b in contact with side surfaces of the 
semiconductor ( measured by secondary ion mass spectrom- insulator 412 , the conductor 404 , and the insulator 419a ; and 
etry ( SIMS ) ) is set lower than or equal to 2x1018 atoms / cm3 , an insulator 409 in contact with the top surface of the oxide 
and preferably lower than or equal to 2x1017 atoms / cm ° . 406c and a side surface of the insulator 419b . Here , as 
When the oxide semiconductor contains alkali metal or 45 illustrated in FIG . 10B , a top surface of the insulator 419b 

alkaline earth metal , defect states are formed and carriers are is preferably substantially aligned with a top surface of the 
generated in some cases . Thus , a transistor including an insulator 419a . Furthermore , the insulator 409 is preferably 
oxide semiconductor that contains alkali metal or alkaline provided to cover the insulator 419a , the insulator 402 , the 
earth metal is likely to be normally on . Therefore , it is insulator 419b , the oxide 406a , the oxide 406b , and the 
preferable to reduce the concentration of alkali metal or 50 oxide 406C . 
alkaline earth metal of the oxide semiconductor . Specifi- The transistor 400c is different from the transistor 400a in 
cally , the concentration of alkali metal or alkaline earth that the conductor 416al and the conductor 416a2 are not 
metal in the oxide semiconductor measured by SIMS is set provided , that the insulators 409 , 419a , and 4196 are pro 
lower than or equal to 1x1018 atoms / cm® , and preferably vided , and that the regions 426a , 426b , and 426c are formed 
lower than or equal to 2x1016 atoms / cm3 . 55 in the oxides 406a , 406b , and 406c . 
When the oxide semiconductor contains nitrogen , the As illustrated in FIG . 10B , the region 426a is sandwiched 

oxide semiconductor easily becomes n - type by generation of between the region 426b and the region 426c . The regions 
electrons serving as carriers and an increase of carrier 426b and 426c are reduced in resistance through formation 
density . Thus , a transistor whose semiconductor includes an of the insulator 409 , and have higher conductivity than the 
oxide semiconductor that contains nitrogen is likely to be 60 region 426a . Thus , the regions 426b and 426c may each be 
normally on . For this reason , nitrogen in the oxide semi- regarded as a conductor in this specification . An impurity 
conductor is preferably reduced as much as possible ; the element such as hydrogen or nitrogen included in the 
nitrogen concentration measured by SIMS is set , for atmosphere for forming the insulator 409 is added to the 
example , lower than 5x1019 atoms / cm ” , preferably lower region 426b and the region 426c . Accordingly , oxygen 
than or equal to 5x1018 atoms / cm " , further preferably lower 65 vacancies are formed because of the added impurity ele 
than or equal to 1x1018 atoms / cm " , and still further prefer- ments , and the impurity elements enter the oxygen vacan 
ably lower than or equal to 5x1017 atoms / cmº . cies , thereby increasing the carrier density and reducing 
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resistance mainly in a region of the oxide 406 that is in the passage of oxygen and impurities such as water and 
contact with the insulator 409 . hydrogen can cover the top and side surfaces of the con 

Thus , it is preferable that the concentration of at least one ductor 404 and the side surface of the insulator 412. This can 
of hydrogen and nitrogen be higher in the regions 426b and prevent entry of impurities such as water and hydrogen into 
426c than in the region 426a . The concentration of hydrogen 5 the oxide 406 through the conductor 404 and the insulator 
or nitrogen is measured by SIMS or the like . 412. Thus , the insulator 419b functions as a side barrier for 

The regions 426b and 426c are reduced in resistance when protecting side surfaces of a gate electrode and a gate 
an element forming an oxygen vacancy or an element insulating film , and the insulator 419a functions a top barrier 
trapped by an oxygen vacancy is added thereto . Typical for protecting a top surface of the gate electrode . 
examples of the element are hydrogen , boron , carbon , nitro- 10 The insulator 419b is preferably formed in the following 
gen , fluorine , phosphorus , sulfur , chlorine , titanium , and a manner : an insulating film is deposited by an ALD method 
rare gas . Typical examples of the rare gas element include and then subjected to anisotropic etching so that a portion of 
helium , neon , argon , krypton , and xenon . Accordingly , the the insulating film in contact with the side surfaces of the 
regions 426b and 426c are made to include one or more of insulator 412 , the conductor 404 , and the insulator 419a 
the above elements . 15 remains . Thus , the insulator 419b having a small thickness 
As illustrated in FIG . 10B , the region 426b and the region as described above can be easily formed . At this time , even 

426c are formed in the oxides 406a , 406b , and 406c in at when the insulator 419a provided over the conductor 404 is 
least regions that overlap with the insulator 409. The region partly removed by the anisotropic etching , the portion of the 
426b of the oxide 406b can serve as one of a source region insulator 419b in contact with the insulator 412 and the 
and a drain region , and the region 426c of the oxide 406b can 20 conductor 404 can remain sufficiently . 
serve as the other of the source region and the drain region . The insulator 409 is provided to cover the insulator 419a , 
The region 426a of the oxide 406b can serve as a channel the insulator 419b , the oxide 406a , the oxide 406b , the oxide 
formation region . 06c , and the insulator 402. Here , the insulator 409 is 

In the transistor 400c , the regions 426b and 426c are provided in contact with the top surface of the insulator 419a 
preferably formed in the oxide 406 in regions that are in 25 and the top and side surfaces of the insulator 419b . The 
contact with the insulator 409 and regions that overlap with insulator 409 is preferably formed using an insulating mate 
the vicinity of edges of the insulators 419b and 412 , as rial that has a function of inhibiting the passage of oxygen 
illustrated in FIG . 10B . In that case , portions of the regions and impurities such as water and hydrogen . For example , the 
426b and 426c that overlap with the conductor 404 serve as insulator 409 is preferably formed using silicon nitride , 
what we call overlap regions ( also referred to as Lov 30 silicon nitride oxide , silicon oxynitride , aluminum nitride , or 
regions ) . With the Lov regions , no high - resistance region is aluminum nitride oxide . When the insulator 409 is formed 
formed between the channel formation region and the source using any of the above materials , entry of oxygen into the 
or drain region of the oxide 406 ; accordingly , the on - state regions 426b and 426c through the insulator 409 to be 
current and mobility of the transistor can be increased . supplied to oxygen vacancies in the regions 426b and 426c , 

In addition , it is preferable that the positions of side 35 which decreases the carrier density , can be prevented . In 
surfaces of the insulator 419a be substantially the same as addition , entry of impurities such as water and hydrogen into 
the positions of side surfaces of the insulator 412 and the the regions 426b and 4260 through the insulator 409 , which 
conductor 404 when the substrate is perpendicularly seen causes the regions 426b and 426c to excessively extend to 
from above . The insulator 419a is preferably formed by an the region 426a side , can be prevented . 
ALD method . In that case , the insulator 419a can be formed 40 As illustrated in FIGS . 10A to 10C , the side surfaces of 
with a thickness of approximately 1 nm to 20 nm inclusive , the oxide 406a , the oxide 406b , and the oxide 406c are 
preferably approximately 5 nm to 10 nm inclusive . The substantially aligned with each other in the transistor 400C 
insulator 419a is preferably formed using an insulating when the substrate is perpendicularly seen from above ; 
material having a function of inhibiting the passage of however , this embodiment is not limited to this example . 
oxygen and impurities such as water and hydrogen , and is 45 The oxide 406c may cover the side surfaces of the oxide 
preferably formed using aluminum oxide or hafnium oxide , 406a and the oxide 406b , for example . At this time , the side 
for example . surfaces of the oxides 406a and 406b in the channel width 

The insulator 419b is provided in contact with the side direction are preferably in contact with the oxide 406c . 
surfaces of the insulator 412 , the conductor 404 , and the Furthermore , side surfaces of the oxides 406a and 406b in 
insulator 419a . Furthermore , the top surface of the insulator 50 the channel length direction may be in contact with the oxide 
419b is preferably substantially aligned with the top surface 406c . 
of the insulator 419a . The insulator 419b is preferably As described above , the structures , methods , and the like 
formed using an ALD method . Accordingly , the thickness of described in this embodiment can be combined with any of 
the insulator 419b can be approximately 1 nm to 20 nm the structures , methods , and the like described in the other 
inclusive , preferably approximately 1 nm to 3 nm inclusive 55 embodiments as appropriate . 
( e.g. , 1 nm ) . Note that this embodiment can be combined with the 

Like the insulator 419a , the insulator 419b is preferably other embodiments as appropriate . 
formed using an insulating material that has a function of 
inhibiting the passage of oxygen and impurities such as Embodiment 2 
water and hydrogen , and is preferably formed using alumi- 60 
num oxide or hafnium oxide , for example . In this manner , In this embodiment , examples of a semiconductor device 
oxygen in the insulator 412 can be prevented from diffusing ( memory device ) of one embodiment of the present inven 
outward . In addition , impurities such as water and hydrogen tion are described . 
can be prevented from entering the oxide 406 through the < Circuit of Semiconductor Device ( Memory Device ) > 
end portion or the like of the insulator 412 . FIGS . 11A to 11C show circuit examples of the semicon 
When the insulators 419b and 419a are provided as ductor device ( memory device ) of one embodiment of the 

described above , the insulators with a function of inhibiting present invention . 

65 
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The semiconductor device illustrated in FIG . 11A while a predetermined potential ( a constant potential ) is 
includes a transistor 280 using a first semiconductor mate- supplied to the first wiring 3001 , whereby the potential of 
rial , a transistor 400 using a second semiconductor material , the second wiring 3002 varies depending on the amount of 
and a capacitor 80 . charge retained in the floating node . This is because in 

The first and second semiconductor materials preferably 5 general , when the transistor 280 is an n - channel transistor , 
have different energy gaps . For example , the first semicon- an apparent threshold voltage Vth H at the time when a 
ductor material can be a semiconductor material other than high - level charge is given to the gate of the transistor 280 is 
an oxide semiconductor ( examples of such a semiconductor lower than an apparent threshold voltage V7 
material include silicon ( including strained silicon ) , germa- when a low - level charge is given to the gate of the transistor 
nium , silicon germanium , silicon carbide , gallium arsenide , 10 280. Here , an apparent threshold voltage refers to the 
aluminum gallium arsenide , indium phosphide , gallium potential of the fifth wiring 3005 which is needed to turn on 
nitride , and an organic semiconductor ) , and the second the transistor 280. Thus , the potential of the fifth wiring 3005 
semiconductor material can be an oxide semiconductor . A is set to a potential V , which is between V and V 
transistor using a material other than an oxide semiconduc- whereby charge supplied to the floating node can be deter 
tor , such as single crystal silicon , can operate at high speed 15 mined . For example , in the case where the high - level charge 
easily . In contrast , a transistor including an oxide semicon- is supplied to the floating node in writing and the potential 
ductor has a low off - state current . of the fifth wiring 3005 becomes V. ( > V th_H ) , the transistor 

The transistor 400 is a transistor in which a channel is 280 is brought into an " on state ” . In contrast , in the case 
formed in a semiconductor layer containing an oxide semi- where the low - level charge is supplied to the floating node 
conductor . When the transistor 400 , which has a low off- 20 in writing , the transistor 280 remains in an “ off state " even 
state current , is used in a semiconductor device ( memory when the potential of the fifth wiring 3005 becomes V. 
device ) , stored data can be retained for a long time . In other ( < V th L ) . Thus , the data retained in the floating node can be 
words , it is possible to obtain a semiconductor device read by determining the potential of the second wiring 3002 . 
( memory device ) which does not require refresh operation or By arranging semiconductor devices each having the 
has an extremely low frequency of the refresh operation , 25 structure illustrated in FIG . 11A in a matrix , a memory 
which leads to a sufficient reduction in power consumption . device ( memory cell array ) can be formed . 

In FIG . 11A , a first wiring 3001 is electrically connected Note that in the case where memory cells are arrayed , it 
to the source of the transistor 280. A second wiring 3002 is is necessary that data of a desired memory cell is read in read 
electrically connected to the drain of the transistor 280. A operation . A configuration in which only data of a desired 
third wiring 3003 is electrically connected to one of a source 30 memory cell can be read by supplying a potential at which 
and a drain of the transistor 400. A fourth wiring 3004 is the transistor 280 is brought into an off state regardless of the 
electrically connected to a gate of the transistor 400. A gate charge supplied to the floating node , that is , a potential lower 
of the transistor 280 and the other of the source and the drain than V to the fifth wiring 3005 of memory cells from 
of the transistor 400 are electrically connected to one which data is not read is employed , for example . Alterna 
electrode of the capacitor 80. A fifth wiring 3005 is electri- 35 tively , a configuration in which only data of a desired 
cally connected to the other electrode of the capacitor 80. In memory cell can be read by supplying a potential at which 
FIG . 11A , “ FN ” , which denotes a floating node , is written at the transistor 280 is brought into an on state regardless of the 
a connection portion of the gate of the transistor 280 , the charge supplied to the floating node , that is , a potential 
other of the source and the drain of the transistor 400 , and higher than Vth 1 to the fifth wiring 3005 of memory cells 
the one electrode of the capacitor 80. When the transistor 40 from which data is not read is employed . 
400 is turned off , a potential supplied to the floating node Although an example in which two kinds of charges are 
( FN ) , the one electrode of the capacitor 80 , and the gate of retained in the floating node , the semiconductor device of 
the transistor 280 can be held . the present invention is not limited to this example . For 

The semiconductor device in FIG . 11A has a feature that example , a structure in which three or more kinds of charges 
the potential of the gate of the transistor 280 can be retained , 45 can be retained in the floating node of the semiconductor 
and thus enables writing , retaining , and reading of data as device may be employed . With such a structure , the semi 
follows . conductor device can be multi - valued and the storage capac 

Writing and retaining of data are described . First , the ity can be increased . 
potential of the fourth wiring 3004 is set to a potential at A semiconductor device illustrated in FIG . 11B is differ 
which the transistor 400 is turned on , so that the transistor 50 ent from the semiconductor device in FIG . 11A in that the 
400 is turned on . Accordingly , the potential of the third transistor 280 , the first wiring 3001 , and the second wiring 
wiring 3003 is supplied to the floating node where the gate 3002 are not provided . Also in this case , writing and 
of the transistor 280 and the one electrode of the capacitor retaining operation of data can be performed in a manner 
80 are electrically connected to each other . That is , a similar to that of the semiconductor device in FIG . 11A . 
predetermined charge is supplied to the gate of the transistor 55 Reading of data in the semiconductor device in FIG . 11B 
280 ( writing ) . Here , one of two kinds of charges providing is described . When the transistor 400 is turned on , the third 
different potential levels ( hereinafter referred to as a low- wiring 3003 which is in a floating state and the capacitor 80 
level charge and a high - level charge ) is supplied . After that , are electrically connected to each other , and the charge is 
the potential of the fourth wiring 3004 is set to a potential at redistributed between the third wiring 3003 and the capaci 
which the transistor 400 is turned off , so that the transistor 60 tor 80. As a result , the potential of the third wiring 3003 is 
400 is turned off . Thus , the charge supplied to the floating changed . The amount of change in the potential of the third 
node is held ( retaining ) . wiring 3003 varies depending on the potential of the one 

Since the off - state current of the transistor 400 is electrode of the capacitor 80 ( or the charge accumulated in 
extremely low , the charge in the floating node is held for a the capacitor 80 ) . 
long time . For example , the potential of the third wiring 3003 after 
Next , reading of data is described . An appropriate poten- the charge redistribution is ( CoXV Bo + CxV ) ( Cp + C ) , where 

tial ( a reading potential ) is supplied to the fifth wiring 3005 V is the potential of the one electrode of the capacitor 80 , C 
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is the capacitance of the capacitor 80 , Cg is the capacitance view along dashed - dotted line x - y in FIG . 12B . For simpli 
component of the third wiring 3003 , and V is the potential fication of the drawing , some components are not illustrated 
of the third wiring 3003 before the charge redistribution . in the top view in FIG . 12B . 
Thus , it can be found that , assuming that the memory cell is The semiconductor device 1000b includes the transistor 
in either of two states in which the potential of the one 400 , the transistor 280 , and the capacitor 80. The transistor 
electrode of the capacitor 80 is V1 and V. ( Vi > V . ) , the 400 , the transistor 280 , and the capacitor 80 in FIGS . 12A 
potential of the third wiring 3003 in the case of retaining the and 12B correspond to the transistor 400 , the transistor 280 , 
potential Vi f ( CoXV Bo + CxV ) / ( C6 + C ) ) is higher than the and the capacitor 80 in FIG . 11A , respectively . 
potential of the third wiring 3003 in the case of retaining the In the semiconductor device 1000b , an n - type semicon 
potential V. ( CoXV Bo + CxV ) / ( CB + C ) ) . ductor is used for a substrate 501. The transistor 280 

Then , by comparing the potential of the third wiring 3003 includes a channel formation region 283 , high - concentration 
with a predetermined potential , data can be read . p - type impurity regions 285 , an insulator 286 , a conductor 

In this case , a transistor containing the first semiconductor 287 , and a sidewall 288. In regions overlapping with the 
material is used in a driver circuit for driving a memory cell , sidewall 288 , low - concentration p - type impurity regions 284 
and a transistor containing the second semiconductor mate- are provided . The insulator 286 can function as a gate 
rial is stacked over the driver circuit as the transistor 400 . insulator . The conductor 287 can function as a gate conduc 
When a transistor having a channel formation region tor . The channel formation region 283 of the transistor 280 

formed using an oxide semiconductor and having an is formed in part of the substrate 501 . 
extremely low off - state current is used in the semiconductor The low - concentration p - type impurity regions 284 can be 
device in this embodiment , the semiconductor device can formed in such a manner that an impurity element is added 
store data for an extremely long time . In other words , refresh with the use of the conductor 287 as a mask after formation 
operation becomes unnecessary or the frequency of the of the conductor 287 and before the formation of the 
refresh operation can be extremely lowered , which leads to sidewall 288. In other words , the low - concentration p - type 
a sufficient reduction in power consumption . In addition , 25 impurity regions 284 can be formed in a self - aligned man 
stored data can be retained for a long period even during a ner . After the sidewall 288 is formed , the high - concentration 
period in which power is not supplied ( the potential is p - type impurity regions 285 are formed . Note that the preferably fixed ) . low - concentration p - type impurity regions 284 have the 

Furthermore , in the semiconductor device described in same conductivity type as the high - concentration p - type 
this embodiment , high voltage is not needed for writing data 30 impurity regions 285 , and have a lower concentration of the and there is no problem of element deterioration . For impurity imparting the conductivity type than the high example , unlike a conventional nonvolatile memory , it is not 
necessary inject and extract electrons into and from a concentration p - type impurity regions 285. The low - concen 
floating gate , and thus a problem such as deterioration of a tration p - type impurity regions 284 are not necessarily 
gate insulating film does not arise at all . That is , the 35 provided depending on circumstances . 
semiconductor device described in this embodiment does The transistor 280 is electrically isolated from other 
not have a limit on the number of times data can be transistors by an element isolation region 514. The element 
rewritten , which is a problem of a conventional nonvolatile isolation region can be formed by a local oxidation of silicon 
memory , and the reliability thereof is drastically improved . ( LOCOS ) method , a shallow trench isolation ( STI ) method , 
Furthermore , since data is written by turning on or off the 40 or the like . 
transistors , high - speed operation can be easily achieved . In the semiconductor device 1000b , an insulator 534 and 

The semiconductor device in FIG . 11C is different from an insulator 536 are provided over an insulator 504 and an 
the semiconductor device in FIG . 11A in that the transistor insulator 505 covering the transistor 280. In addition , the 
290 and a sixth wiring 3006 are included . Also in this case , semiconductor device 1000b includes a conductor 522 over 
data can be written and retained in a manner similar to that 45 the insulator 505 . 
of the semiconductor device in FIG . 11A . A transistor The conductor 522 is electrically connected to the tran 
similar to the transistor 280 described above can be used as sistor 280 through a conductor 521 provided in part of the 
the transistor 290 . insulators 504 and 505 . 

The sixth wiring 3006 is electrically connected to a gate A wiring layer may be provided over the insulator 536 . 
of the transistor 290 , one of a source and a drain of the 50 For example , an insulator 102 , an insulator 103 , and an 
transistor 290 is electrically connected to the source of the insulator 104 are sequentially stacked in FIG . 12A . A 
transistor 280 , and the other of the source and the drain of conductor 525 is formed in the insulator 104 , the insulator 
the transistor 290 is electrically connected to the third wiring 103 , the insulator 102 , the insulator 536 , and the insulator 
3003 . 534. The conductor 525 functions as a plug or a wiring . 

The above memory device can also be used in an LSI such 55 Furthermore , the semiconductor device 1000b includes 
as a digital signal processor ( DSP ) , a custom LSI , or a the transistor 400 over the insulator 536 with the insulator 
programmable logic device ( PLD ) and a radio frequency 102 , the insulator 103 , the insulator 104 , an insulator 106 , an 
( RF ) tag , in addition to a central processing unit ( CPU ) , for insulator 107 , and an insulator 108 provided therebetween . 
example . In addition , insulators 114 , 115 , and 539 are provided over 
< Structure 1 of Semiconductor Device ( Memory Device ) > 60 the transistor 400 , and a conductor 527 , an insulator 116 , and 

The structure of a semiconductor device ( memory device ) the capacitor 80 are provided over the insulator 539. The 
of one embodiment of the present invention is described capacitor 80 includes the conductor 527 , the insulator 116 , 
below . and the conductor 84. Furthermore , the insulator 537 cov 

FIGS . 12A and 12B are a top view and a cross - sectional ering the conductor 527 , the insulator 116 , and the capacitor 
view of a semiconductor device 1000b of one embodiment 65 80 is included . 
of the present invention . FIG . 12B is a top view of the The conductor 527 functions as one electrode of the 
semiconductor device 1000b . FIG . 12A is a cross - sectional capacitor 80 and the conductor 84 functions as the other 
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electrode of the capacitor 80. Furthermore , in the insulator embodiment of the present invention can be regarded as a 
116 , a region sandwiched between the conductors 527 and nonvolatile memory . The structure described in this embodi 
84 functions as a dielectric . ment can be used in appropriate combination with the 

The conductor 527 is electrically connected to a source or structure described in any of the other embodiments . The 
a drain of the transistor 400 through a conductor 526 5 structure can be used in electronic devices . For example , the 
provided in part of the insulators 539 , 115 , and 114 and a structure can be used in a memory device included in an 
barrier film 417 . electronic device and a CPU . Furthermore , the structure can 
A conductor 529 is provided over the insulator 537 , and be used in a display device . For example , the structure can 

an insulator 538 is provided over the conductor 529. The be used in a pixel circuit and a driver circuit of a display 
conductor 529 is electrically connected to the conductor 84 10 device . 
through a conductor 528 provided in part of the insulator Note that this embodiment can be combined with any of 
537 . the other embodiments as appropriate . 

The insulators 102 , 103 , 104 , 106 , 107 , 108 , 114 , 115 , 
116 , 534 , 536 , 539 , 537 , and 538 can be formed using a Embodiment 3 
material and a method which are similar to those of the 15 
insulators described in the above embodiment and the like . In this embodiment , an example of a semiconductor 
The conductors 521 , 522 , 525 , 526 , 527 , 528 , and 529 can device of one embodiment of the present invention is 
be formed using a material and a method which are similar described 
to those of the conductors described in the above embodi- Next , a transistor 400d illustrated in FIGS . 14A to 14C is 
ment and the like . 20 described . FIGS . 14A to 14C are a top view and cross 

The conductors 521 , 522 , 525 , 526 , 527 , 528 , and 529 sectional views of the transistor 400d . FIG . 14A is a top view 
may be formed by a damascene method , a dual damascene of the transistor 400d . FIG . 14B is a cross - sectional view 
method , or the like . taken along dashed - dotted line A1 - A2 in FIG . 14A . FIG . 
< Structure 2 of Semiconductor Device ( Memory Device ) > 14C is a cross - sectional view taken along dashed - dotted line 
A semiconductor device 1000 illustrated in FIGS . 13A 25 A3 - A4 in FIG . 14A . Note that for simplification of the 

and 13B is different from the semiconductor device 1000b in drawing , some components are not illustrated in the top view 
FIGS . 12A and 12B in that the capacitor 80 is formed in the of FIG . 14A . 
same layer as the transistor 400 . The transistor 400d can be fabricated in parallel with the 
FIGS . 13A and 13B are a top view and a cross - sectional above transistor 400a or the like . In the case where the 

view of the semiconductor device 1000 of one embodiment 30 transistor 400d is fabricated in parallel with the transistor 
of the present invention . FIG . 13B is a top view of the 400a , the transistor 400d can be fabricated without an extra 
semiconductor device 1000. FIG . 13A is a cross - sectional step . 
view taken along dashed - dotted line x - y in FIG . 13A . For The transistor 400d is different from the transistor 400a in 
simplification of the drawing , some components are not including an oxide 406al and an oxide 406a2 that are 
illustrated in the top view of FIG . 13B . 35 separate from each other and provided over the insulator 

The semiconductor device 1000 includes the transistor 402 , an oxide 406b1 that is in contact with a top surface of 
400 , the transistor 280 , and the capacitor 80. The transistor the oxide 406a1 , and an oxide 406b2 that is in contact with 
400 , the transistor 280 , and the capacitor 80 in FIGS . 13A a top surface of the oxide 406a2 , and in that the oxide 4060 
and 13B correspond to the transistor 400 , the transistor 280 , is in contact with the top surface of the insulator 402 , side 
and the capacitor 80 in FIG . 11A , respectively . 40 surfaces of the oxide 406al and the oxide 406a2 , and side 
As illustrated in FIGS . 13A and 13B , one of the source surfaces of the oxide 406b1 and the oxide 406b2 . 

and the drain of the transistor 400 functions as one electrode The oxides 406al and 406a2 and the oxides 406b1 and 
of the capacitor 80 , and the conductor 84 functions as the 406b2 can be formed using materials similar to those of the 
other electrode of the capacitor 80. In this case , regions of oxides 406a and 406b of the transistor 400a . The oxides 
the barrier film ( e.g. , the barrier film 417a2 ) , the oxide ( e.g. , 45 406a1 and 406b1 are opposite the oxides 406a2 and 40662 , 
the oxide 406c ) , and the gate insulating film ( e.g. , the with the oxide 406c , the insulator 412 , and the conductor 
insulator 412 ) of the transistor 400 that extend over the 404 therebetween . 
conductor serving as one of the source and the drain of the The conductor 416al can be formed to overlap with the 
transistor 400 function as a dielectric of the capacitor 80 . oxide 406al and the oxide 406b1 , and the conductor 416a2 
That is , a region where the conductor 84 and the conductor 50 can be formed to overlap with the oxide 406a2 and the oxide 
serving as one of the source and the drain of the transistor 406b2 . The oxides 406al and 406b1 and the oxides 406a2 
400 overlap with each other with the barrier film , the oxide , and 406b2 can serve as source and drain regions of the 
and the gate insulating film of the transistor 400 provided transistor 400d . 
therebetween functions as the capacitor 80 . The oxide 406c of the transistor 400d can be formed using 

With the above structure , in the case where the capacitor 55 a material similar to that of the oxide 406c of the transistor 
80 is formed in parallel with the transistor 400 , the capacitor 400a . A region of the oxide 406c that is sandwiched between 
80 can be formed without increasing a manufacturing step . the oxides 406a1 and 406a2 and between the oxides 406b1 

According to one embodiment of the present invention , and 406b2 serves as a channel formation region . 
the leakage current between the memory cells can be In the oxide 406c serving as an active layer of the 
reduced . That is , according to one embodiment of the 60 transistor 400d , oxygen vacancies and impurities such as 
present invention , a memory device with high productivity hydrogen and water are reduced as in the oxide 406c or the 
can be provided . According to one embodiment of the like of the transistor 400a . Thus , the threshold voltage of the 
present invention , a memory device which can retain data transistor 400d can be higher than 0 V , the off - state current 
for a long period even when power supply is stopped can be can be reduced , and I cut can be noticeably reduced . Here , I cut 
provided . For example , a memory device which can retain 65 is a drain current when a gate voltage that controls switching 
data for a year or more , ten years or more after power supply operation of a transistor is O V. Furthermore , when the 
is stopped can be provided . Thus , a memory device of one distance between the conductor 416al and the conductor 
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416a2 in the transistor 400d is longer than the distance be changed with the joint 2946. The orientation of an image 
between the conductor 416al and the conductor 416a2 in on the display portion 2943 can be changed and display and 
the transistor 400a , the transistor 400d can have a higher non - display of an image can be switched depending on the 
threshold voltage , a lower off - state current , and a lower Icut angle between the housings 2941 and 2942 . 
than the transistor 400a . FIG . 15E illustrates an example of a bangle - type infor 

The transistor 400d is capable of controlling the back gate mation terminal . An information terminal 2950 includes a 
voltage of the transistor 400a or the like . For example , a top housing 2951 , a display portion 2952 , and the like . In 
gate and a back gate of the transistor 400d are diode- addition , the information terminal 2950 includes an antenna , 
connected to a source of the transistor 400d , and the source a battery , and the like inside the housing 2951. The display 
of the transistor 400d and the back gate of the transistor 400a 10 portion 2952 is supported by the housing 2951 having a 
are connected to each other . When the negative potential of curved surface . A display panel formed with a flexible 
the back gate of the transistor 400a is retained in the substrate is provided in the display portion 2952 , whereby 
structure , the top gate - source voltage and the back the information terminal 2950 can be a user - friendly infor 
source voltage of the transistor 400d are each O V. Since the mation terminal that is flexible and lightweight . 
Icut of the transistor 400d is extremely small , the structure 15 FIG . 15F illustrates an example of a watch - type informa 
allows the negative potential of the back gate of the tran- tion terminal . An information terminal 2960 includes a 
sistor 400a to be held for a long time without power supply housing 2961 , a display portion 2962 , a band 2963 , a buckle 
to the transistor 400a and the transistor 400d . 2964 , an operation switch 2965 , an input / output terminal 
As described above , one embodiment of the present 2966 , and the like . In addition , the information terminal 

invention can provide a semiconductor device having favor- 20 2960 includes an antenna , a battery , and the like inside the 
able reliability housing 2961. The information terminal 2960 is capable of 
As described above , the structures , methods , and the like executing a variety of applications such as mobile phone 

described in this embodiment can be combined with any of calls , e - mailing , text viewing and editing , music reproduc 
the structures , methods , and the like described in the other tion , Internet communication , and computer games . 
embodiments as appropriate . The display surface of the display portion 2962 is curved , 

and images can be displayed on the curved display surface . 
Embodiment 4 Furthermore , the display portion 2962 includes a touch 

sensor , and operation can be performed by touching the 
In this embodiment , electronic devices each including the screen with a finger , a stylus , or the like . For example , an 

transistor or the like of one embodiment of the present 30 application can be started by touching an icon 2967 dis 
invention are described . played on the display portion 2962. With the operation 
< Electronic Device > switch 2965 , a variety of functions such as time setting , 
A semiconductor device of one embodiment of the present ON / OFF of the power , ON / OFF of wireless communication , 

invention can be used in a variety of electronic devices . setting and cancellation of a silent mode , and setting and 
FIGS . 15A to 15F illustrate specific examples of the elec- 35 cancellation of a power saving mode can be performed . For 
tronic devices using a semiconductor device of one embodi- example , the functions of the operation switch 2965 can be 
ment of the present invention . set by setting the operating system incorporated in the 
FIG . 15A is an external view illustrating an example of a information terminal 2960 . 

car . A car 2980 includes a car body 2981 , wheels 2982 , a The information terminal 2960 can employ near field 
dashboard 2983 , lights 2984 , and the like . The car 2980 40 communication that is a communication method based on an 
includes an antenna , a battery , and the like . existing communication standard . For example , mutual 
An information terminal 2910 illustrated in FIG . 15B communication between the portable information terminal 

includes a housing 2911 , a display portion 2912 , a micro- 2960 and a headset capable of wireless communication can 
phone 2917 , a speaker portion 2914 , a camera 2913 , be performed , and thus hands - free calling is possible . More 
external connection portion 2916 , an operation switch 2915 , 45 over , the information terminal 2960 includes the input / 
and the like . A display panel and a touch screen that use a output terminal 2966 , and data can be directly transmitted to 
flexible substrate are provided in the display portion 2912 . and received from another information terminal via a con 
In addition , the information terminal 2910 includes an nector . Power charging through the input / output terminal 
antenna , a battery , and the like inside the housing 2911. The 2966 is possible . Note that the charging operation may be 
information terminal 2910 can be used as , for example , a 50 performed by wireless power feeding without using the 
smartphone , a mobile phone , a tablet information terminal , input / output terminal 2966 . 
a tablet personal computer , or an e - book reader . A memory device including the semiconductor device of 
A notebook personal computer 2920 illustrated in FIG . one embodiment of the present invention can hold control 

15C includes a housing 2921 , a display portion 2922 , a data , a control program , or the like of the above electronic 
keyboard 2923 , a pointing device 2924 , and the like . In 55 device for a long time . With the use of the semiconductor 
addition , the notebook personal computer 2920 includes an device of one embodiment of the present invention , a highly 
antenna , a battery , and the like inside the housing 2921 . reliable electronic device can be provided . 
A video camera 2940 illustrated in FIG . 15D includes a The structures described in this embodiment can be 

housing 2941 , a housing 2942 , a display portion 2943 , implemented in an appropriate combination with any of the 
operation switches 2944 , a lens 2945 , a joint 2946 , and the 60 structures described in the other embodiments , Example , 
like . The operation switches 2944 and the lens 2945 are and the like . 
provided for the housing 2941 , and the display portion 2943 
is provided for the housing 2942. In addition , the video Example 
camera 2940 includes an antenna , a battery , and the like 
inside the housing 2941. The housing 2941 and the housing 65 In this example , a residue formed when a wiring contain 
2942 are connected to each other with the joint 2946 , and the ing aluminum ( Al ) as an example of the metal A , which is 
angle between the housing 2941 and the housing 2942 can described in Embodiment 1 , is formed was estimated . 

an 
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< Structure of Samples > flow rate of 200 sccm . A sample after being subjected to the 
In this section , structures of samples 1A to 1D , which are second ashing is referred to as a sample 1C . 

used in this example , are described . The resist mask of the sample 1C was removed using a 
Each of the samples 1A to 1D has a structure illustrated resist stripper . A sample after the resist mask was removed 

in FIG . 16A . The structure includes the insulator 213 , the 5 is referred to as a sample 1D . Cross sections of the samples 1A to 1D were observed . conductor 226 , and the conductor 227 . Furthermore , the samples 1A to 1D were subjected to First , as a substrate ( not illustrated ) , silicon wafer was elementary analysis , whereby the presence or absence of the prepared . Then , as the insulator 213 , a 100 - nm - thick silicon residue of aluminum ( Al ) was checked . 
oxide film was deposited by a thermal oxidation method . < Cross - Sectional Observation of Samples > 
Next , a 20 - nm - thick first titanium film was deposited over The cross - sectional observation of the samples 1 A to 1D 

the insulator 213 by a sputtering method , a 30 - nm - thick first was performed with a scanning transmission electron micro 
titanium nitride film was deposited over the first titanium scope ( STEM ) . As an apparatus for observation , HD - 2300 
film by a sputtering method , a 100 - nm - thick aluminum film manufactured by Hitachi High - Technologies Corporation 
was deposited over the first titanium nitride film by a was used . The accelerating voltage was 200 kV . FIG . 16B 
sputtering method , a 5 - nm - thick second titanium film was shows a cross - sectional STEM image of the sample 1A in a 
deposited over the aluminum film by a sputtering method , region surrounded by a dotted line in FIG . 16A . FIG . 16C 
and a 45 - nm - thick second titanium nitride film was depos- shows a cross - sectional STEM image of the sample 1B in a 
ited over the second titanium film by a sputtering method . region surrounded by a dotted line in FIG . 16A . FIG . 16D 
Through these steps , the conductor 225 having a stacked- shows a cross - sectional STEM image of the sample 1C in a 
layer structure of the first titanium film , the first titanium region surrounded by a dotted line in FIG . 16A . FIG . 16E 
nitride film , the aluminum film , the second titanium film , shows a cross - sectional STEM image of the sample 1D in a 
and the second titanium nitride film was formed . region surrounded by a dotted line in FIG . 16A . 

Then , a resist mask was formed in a pattern over the FIGS . 16B to 16E show that , in each of the samples 1A 
conductor 225 by a lithography method . to 1D , the conductor 226 and the conductor 227 are formed . 

Then , the sample was subjected to first treatment and In addition , it is also shown that part of the surface of the 
second treatment through the resist mask , whereby etching insulator 213 is removed . Note that in the cross - sectional 
was performed . The conditions of the first treatment were as STEM images of the samples 1 A to 1D , the residue 230 of 
follows : the pressure was 1.9 Pa ; the power of the upper Al cannot be observed on the surface of the insulator 213 . 
electrode was 450 W ; the bias power was 100 W ; the mixed < Elementary Analysis of Samples > 
atmosphere of BC1 , with a flow rate of 60 sccm and Cl , with Elementary analysis of the surface region in the insulator 
a flow rate of 20 sccm was used ; and the substrate tempera- 213 of each of the samples 1A to 1D was performed with the 
ture was 70 ° C. The first treatment was further performed for EDX . As an apparatus for EDX measurement , HD - 2300 
60 seconds after an endpoint was detected by a device . manufactured by Hitachi High - Technologies Corporation 
The second treatment was performed for 15 seconds was used . As an apparatus for elementary analysis , an EDX 

under the following conditions : the pressure was 2.0 Pa ; the Si ( Li ) detector manufactured by EDAX Inc. was used . 
power of the upper electrode was 500 W ; the bias power was In the EDX measurement , an EDX spectrum of a point is 
50 W ; the atmosphere of CF4 with a flow rate of 80 sccm was obtained in such a manner that electron beam irradiation is 
used ; and the substrate temperature was 70 ° C. performed on the point in a detection target region of a 
By the above etching , the conductor 225 was processed to sample , and the energy of characteristic X - ray of the sample 

form the conductors 226 and 227. A sample right after the generated by the irradiation and its frequency are measured . 
etching is referred to as a sample 1A . In this example , peaks of EDX spectra of the surface regions 
Next , washing treatment using pure water ( hereinafter in the insulators 213 , which are shown by the points in FIGS . 

referred to as pure water washing ) was performed . A sample 16B to 16E , were each attributed to electron transition to the 
after the pure water washing is referred to as a sample 1B . K shell in a C atom , electron transition to the K shell in an 
The sample 1B was subjected to first ashing . The first O atom , electron transition to the K shell in an F atom , 

ashing was performed for 15 seconds under the following electron transition to the Kshell in an Al atom , electron 
conditions : a pressure of 0.67 Pa ; a power supply of 2000 W ; transition to the K shell in a Si atom , electron transition to 

power of 50 W ; and under an atmosphere of O2 with the M shell in a Pt atom , electron transition to the K shell in 
a flow rate of 200 sccm . a Cu atom , and electron transition to the K shell in a Ga 

Then , second ashing was performed . The second ashing atom , and the proportions of the atoms in the points were 
was performed for 15 seconds under the following condi- calculated . 
tions : a pressure of 12.0 Pa ; a power supply of 2000 W ; a Table 1 shows the proportions of the atoms in the surface 
bias power of 0 W ; and under an atmosphere of O2 with a region of the insulator 213 of each of the samples 1A to 1D . 
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a bias 
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TABLE 1 

Sample 1A Sample 1B Sample 1C Sample 1D 

atomic Atom 
( Shell ) 

weight 
% 

weight 
% 

atomic 
% 

weight 
% 

atomic 
% 

weight 
% 

atomic 
% 

33.0 
17.7 

13.4 
24.6 

C ( K ) 
O ( K ) 
F ( K ) 
Al ( K ) 
Si ( K ) 
Pt ( M ) 

52.4 
21.0 
0.8 
0.5 

24.4 
33.7 
0.9 

18.2 
24.9 
0.9 
2.4 

31.3 
32.1 
0.9 
1.8 

18.1 
24.4 
1.2 
4.8 

30.8 
31.3 
1.3 
3.6 

0.8 
0.7 

0.8 
1.3 1,0 

30.8 20.9 45.5 35.5 29.9 40.8 
0.5 

41.6 
2.3 

30.4 
0.2 3.2 0.3 1.2 0.1 0.1 
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Sample 1A Sample 1B Sample 10 Sample 1D 

Atom 
( Shell ) 

weight 
% 

atomic 
% 

weight 
% 

atomic 
% 

weight 
% 

atomic 
% 

weight 
% 

atomic 
% 

Cu ( K ) 
Ga ( K ) 

8.8 
5.0 

2.6 
1.4 

9.4 
3.9 

3.2 
1.2 

7.1 
4.4 

2.3 
1.3 

5.9 
1.8 

1.9 
0.5 

10 

15 

20 

As shown in Table 1 , the proportion of Al atoms in the forming a second insulator over the first insulator , the 
surface region of the insulator 213 of the sample 1A is 0.5 second conductor , and the third conductor ; and 
atomic % . Furthermore , the proportion of Al atoms in the forming a groove for exposing the first insulator in the 
surface region of the insulator 213 of the sample 1B is 1.0 second insulator between the second conductor and the 
atomic % . Furthermore , the proportion of Al atoms in the third conductor , 
surface region of the insulator 213 of the sample 1C is 1.8 wherein the first conductor comprises a metal A , and 
atomic % . Furthermore , the proportion of Al atoms in the wherein the metal A is one kind or a plurality of kinds of surface region of the insulator 213 of the sample 1D is 3.6 aluminum , copper , tungsten , chromium , silver , gold , atomic % . The proportion of Al atoms in the surface region 
of the insulator 213 of the sample 1B is higher than that of platinum , tantalum , nickel , molybdenum , magnesium , 
the sample 1A . That is , it is found that by performing pure beryllium , indium , and ruthenium . 
water washing , the residue 230 of Al is formed on the 2. The method for manufacturing a semiconductor device 
surface of the insulator 213. In addition , the proportion of Al according to claim 1 , 
atoms in the surface region of the insulator 213 of each of wherein the groove surrounds the second conductor when 
the samples 1C and 1D is higher than that of the sample 1A . seen from above . That is , it is found that by ashing with oxygen and removing 25 3. The method for manufacturing a semiconductor device the resist mask using a resist stripper , the residue 230 of Al 
on the surface of the insulator 213 is formed . according to claim 1 , 

The structure described in this example can be used as wherein the metal A is detected in an interface between 
appropriate in combination with any of the embodiments . the first insulator and the second insulator by an EDX . 

This application is based on Japanese Patent Application 30 4. The method for manufacturing a semiconductor device , 
Serial No. 2017-059440 filed with Japan Patent Office on according to claim 1 , 
Mar. 24 , 2017 , the entire contents of which are hereby wherein the impurity removal step comprises washing incorporated by reference . treatment with pure water . 
What is claimed is : 5. The method for manufacturing a semiconductor device , 1. A method for manufacturing a semiconductor device , 35 

comprising the steps of : according to claim 1 , 
forming a first conductor over a first insulator ; wherein the first conductor comprises at least one of 
forming a resist mask in a pattern over the first conductor ; aluminum and copper . 
etching the first conductor with the resist mask to form a 6. The method for manufacturing a semiconductor device 

second conductor and a third conductor ; 40 according to claim 1 , 
performing an impurity removal step on the first insulator wherein part of the first insulator exposed in the groove is after the formation of the second conductor and the removed in the step of forming the groove . third conductor ; 
removing the resist mask ; 


